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CHAPTER
NTRODUCTION
P te r o n a rc y s  c a l i f o r n i c a  Newport i s  a r e l a t i v e l y  p r i m i t i v e  
i n s e c t  b e lo n g in g  t o  t h e  o r d e r  P le c o p t e r a  ( H o ld s w o r t h ,  1941; Pennak, 
1953; J e w e t t ,  1958) .  W i th  a few  e x c e p t i o n s  th e  p l e c o p t e r a  o r  s t o n e f l y  
nymphs a r e  s t r i c t l y  a q u a t i c  and r e q u i r e  w e l l  a e r a t e d  w a t e r  f o r  
deve lopm en t  ( J e w e t t ,  1968) .  I n f o r m a t i o n  on food  p r e f e r e n c e  i s  n o t  
c o m p le te ;  however ,  P te r o n a rc y s  c a l i f o r n i c a  p r o b a b l y  fe e d s  on a lg a e  
and v e g e t a b le  d e b r i s  (Pennak, 1953) .  S tu d ie s  have shown t h a t  where 
s t o n e f l y  nymphs o c c u r  t h e y  a r e  an i m p o r ta n t  p a r t  o f  th e  d i e t  o f  t r o u t  
(D im ic k  and M ote ,  1934; Pennak, 1953) .
I o b t a in e d  s t o n e f l y  nymphs f o r  my s tu d y  f ro m  Rock C reek ,  a 
t r o u t  s t ream  tw e n ty  m i l e s  s o u th e a s t  o f  M i s s o u l a ,  Montana. In t h i s  
s t ream  P te r o n a rc y s  c a l i f o r n i c a  Newport o c c u r  in  l a r g e  numbers. The 
w a t e r s  a r e  r a p id  f l o w i n g  and c o o l .  I have measured te m p e ra tu re s  
r a n g in g  f rom  3°C in J a n u a ry  t o  18^C in  A u g u s t .  The s t ream  b o t to m  is  
composed o f  r o c k y  m a t e r i a l  v a r y i n g  in  s i z e  f ro m  f i n e  g ra v e l  t o  ro c k s  
a f o o t  o r  more in  d i a m e t e r .  The p o r t i o n  o f  Rock Creek f rom  w h ich  I 
c o l l e c t e d  th e s e  s t o n e f l i e s  had a b o t to m  l a r g e l y  composed o f  ro c k s  
f o u r  t o  f i v e  inches  in  d ia m e t e r .
S t o n e f l y  nymphs p r e s e n t  some i n t e r e s t i n g  p h y s i o l o g i c a l  
p ro b le m s .  One o f  th e s e  w h ich  i s  o f  p r im a r y  im p o r ta n ce  i s  t h a t ,  l i k e
1
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any a q u a t i c  o rg a n ism  t h a t  m a in t a i n s  i t s  body f l u i d s  h y p e r t o n i c  t o  
i t s  e n v i r o n m e n t ,  w a t e r  c o n s t a n t l y  te n d s  t o  e n t e r  and s a l t s  t o  le a v e  
t h e i r  b o d ie s .  T h i s  dua l  i n t e r c h a n g e  t h e r e b y  a c t s  t o  d i l u t e  th e  body 
f l u i d s  o f  t h e  nymph.
A p p a r e n t l y  P te r o n a rc y s  has s u c c e s s f u l l y  s o lv e d  t h i s  p ro b le m .
In one l i f e  c y c l e  i t  seems u n l i k e l y  t h a t  t h e  c u t i c l e  c o u ld  change 
enough t o  reduce th e  r a t e  a t  w h ic h  w a t e r  e n t e r s  th e  body.  However,  
th e  s t o n e f l y  has two means a v a i l a b l e  t o  r e p la c e  ions  l o s t  f ro m  th e  
body. F i r s t ,  t h e  i n s e c t  m ig h t  s e l e c t i v e l y  r e t a i n  c e r t a i n  ion s  f ro m  
th e  fo o d  i n g e s te d .  Second, p a r t i c u l a r  ion s  m ig h t  be removed f ro m  th e  
w a t e r  u s in g  s p e c i a l i z e d  s t r u c t u r e s  such as th e  g i l l s  f o r  t h i s  p u rp o s e .
The p h y s i o l o g i c a l  mechanisms w h ic h  e n a b le  s t o n e f l i e s  t o  s u r v i v e  in  a 
medium w h ich  i s  g r e a t l y  h y p o t o n i c  t o  t h e  hemolymph d e s e rv e  i n v e s t i g a t i o n .
GENERAL CONSIDERATIONS OF SALT AND WATER BALANCE 
D e f i n i t i o n  o f  S a l t  and Water  Ba lance
S a l t  and w a t e r  b a la n c e  in  i n s e c t s  i n v o l v e s  r e g u l a t i n g  th e  
i n t e r n a l  e n v i r o n m e n t .  S in c e  hemolymph i s  an i n s e c t ' s  i n t e r n a l  
e n v i r o n m e n t ,  i t s  o s m o t i c  p r e s s u r e  and th e  c o m p o s i t i o n  o f  i t s  i n o r g a n i c  
and o r g a n i c  s o l u t e s  a r e  o f  u l t i m a t e  im p o r ta n c e  in  t h i s  r e g u l a t i o n .
The b a s i c  p r i n c i p l e s  o f  s a l t  and w a te r  b a la n c e  in  a q u a t i c  i n s e c t s  a re  
t r e a t e d  e x t e n s i v e l y  by W ig g le s w o r th  (1 9 6 5 ) .
P o t t s  and P a r r y  (1963) s t a t e  t h a t  hemolymph c o n c e n t r a t i o n  o f  
an a q u a t i c  i n s e c t  may be a f f e c t e d  by s u r f a c e  t o  vo lume r a t i o ,  t h e  
p e r m e a b i l i t y  o f  t h e  body w a l l ,  t h e  m e t a b o l i c  r a t e ,  and t h e  l e n g t h  o f  
t im e  I t  has had t o  a d ap t  t o  i t s  e n v i r o n m e n t .  S t o b b a r t  and Shaw (1964) 
r e f l e c t  s i m i l a r l y  t h a t  w a t e r  and s a l t  may e n t e r  t h e  i n s e c t  t h r o u g h
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t h e  g u t ,  a c ro s s  th e  body s u r f a c e ,  o r  r e e n t e r  t h ro u g h  t h e  e x c r e t o r y  
sys tem.
Such s a l t  and w a t e r  may move p a s s i v e l y  o r  by a c t i v e  t r a n s p o r t ,  
P a s s i v e l y  s a l t s  and w a t e r  move down a c o n c e n t r a t i o n  o r  o s m o t i c  
g r a d i e n t  ( P o t t s  and P a r r y ,  I 963) In w h ic h  case th e  p a r t i c u l a r  
p e r m e a b i l i t y  o f  t h e  v a r i o u s  membranes must  be c o n s id e r e d  (Beament,  
1958; Beament,  1964) .  In o r d e r  t o  keep body f l u i d s  In the rmodynamic  
e q u i l i b r i u m  w i t h  t h e  e n v i r o n m e n t ,  o s m o t i c  w ork  must be a cco m p l ish e d  
by a c t i v e  t r a n s p o r t  t o  m a i n t a i n  a s te a d y  s t a t e  ( S t o b b a r t ,  1959; 
S u t c l i f f e ,  1961a;  S ta d d o n ,  1963; Beament,  1964; P h i l l i p s ,  1964a; 
B e r r l d g e ,  1967; L a u e r ,  I 969) .  S i t e s  f o r  t h e  a c t i v e  t r a n s p o r t  o f  
Ions  a r e  l o c a t e d  In th e  g u t .  In t h e  e x c r e t o r y  sys tem ,  and In 
s p e c i a l i z e d  r e g io n s  o f  th e  body s u r f a c e  o f  I n s e c t s  (P a t to n  and 
C r a i g ,  1939; Shaw, I 9 6 I ;  C ope land ,  1964; W i g g le s w o r t h ,  I 965) .
The e x c r e t o r y  sys tem o f  i n s e c t s  must n o t  o n l y  e l i m i n a t e  
m e t a b o l i c  was te  p r o d u c t s ,  b u t  i t  a l s o  must h e lp  m a i n t a i n  s a l t  and 
w a t e r  b a la n c e .  These two f u n c t i o n s  a re  n o t  c o m p le t e l y  m u t u a l l y  
de pe n d e n t ;  however , b o th  depend e n t i r e l y  on th e  p r o d u c t i o n  o f  a 
p r im a r y  e x c r e t o r y  f l u i d  w h ich  i s  d i f f e r e n t i a l l y  absorbed ( S t o b b a r t  
and Shaw, 1964) .
P h y s i o l o g i c a l  Pa ram ete rs  and Ion D i s t r i b u t i o n
The o s m o t i c  p r e s s u r e  o f  hemolymph te n d s  t o  be h i g h e r  than  
t h a t  o f  mammalian b lo o d .  Va lues  c o m p i le d  f ro m  d i f f e r e n t  a u t h o r s  
show t h a t  th e  o s m o t i c  p r e s s u r e  o f  hemolymph g e n e r a l l y  ranges f rom  
A “ 0 . 5 °  t o  A - 0 .9 ° C .  The p e r c e n t  o f  t o t a l  c a t i o n s  may v a r y  as f o l l o w s :  
Na"**: f r o m  4 .4  t o  9O; f r o m  1 t o  5 3 . 4 ;  Ca**"^: f r o m  2 t o  3 7 . 6 ;  and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
M g*^ :  f ro m  3-1 t o  7 3 .5 .  These f i g u r e s  r a i s e  s e r i o u s  d o u b ts  a b o u t  t h e  
v a l i d i t y  o f  a s ta te m e n t  by Ba ldw in  in  h i s  Book "The N a tu re  o f  
B i o c h e m i s t r y "  ( I 96 2 ) .  B a ld w in  s t a t e s ,  "Even th e  c e l l s  and o rg a n s  o f  
a n im a ls  whose a n c e s t o r s ,  l i k e  o u r  own, became in d e p e nd e n t  o f  th e  sea 
many m i l l i o n s  o f  y e a rs  ago c a n n o t  t o l e r a t e  f o r  long  any a p p r e c i a b l e  
d e p a r t u r e  f rom  th e  n o rm a l ,  s e a - w a t e r - l i k e  c o m p o s i t i o n  o f  th e  b lo o d  
as f a r  as Na**", and Ca^^ a re  co n c e rn e d .  T h i s  n e c e s s a ry  i n t e r n a l  
c o n s ta n c y  i s  som eth ing  t h a t  has t o  be m a i n t a i n e d . "
I n s e c t  hemolymph and i t s  c a t i o n i c  d i s t r i b u t i o n  has been th e  
o b j e c t  o f  s e v e r a l  s u r v e y s  ( S u t c l i f f e ,  1362) .  Perhaps t h e  o u t s t a n d i n g  
f e a t u r e  o f  th e se  s u rv e y s  i s  t h e  enormous v a r i a b i l i t y  in  c o m p o s i t i o n  
between d i f f e r e n t  s p e c ie s  ( S t o b b a r t  and Shaw, 1964) .  However, f rom  
th e s e  s u rv e y s  two t h e o r i e s  have been p roposed t o  e x p l a i n  t h e  c a t i o n i c  
d i s t r i b u t i o n  o f  t h e  hemolymph. Bone (1947) c o n c lu d e d  t h a t  d i e t  
c o r r e l a t e s  s t r o n g l y  w i t h  th e  r a t i o  o f  sodium t o  p o ta s s iu m  In hemo­
lymph. The o t h e r  t h e o r y  p roposed  by Ducha teau ,  F l o r k i n  and L e c le r q  
( 1953) c o n s id e r s  c a t i o n i c  d i s t r i b u t i o n  f ro m  an e v o l u t i o n a r y  s t a n d p o i n t .  
They have p roposed t h a t  p r i m i t i v e  g roups  o f  i n s e c t s  c o n c e n t r a t e  sodium 
s t r o n g l y  and p o ta s s iu m  w e a k ly  in  t h e  hemolymph and t h a t  t h i s  r a t i o  
i s  m o d i f i e d  in  more advanced i n s e c t s .  The a v a i l a b l e  d a ta  s u p p o r t  th e  
e v o l u t i o n a r y  t h e o r y  r a t h e r  than  th e  d i e t  t h e o r y  ( S u t c l i f f e ,  1963) .
IONIC COMPOSITION AND REGULATION IN FRESH WATER
Hemolymph
Osmot ic  r e g u l a t i o n  o f  t h e  hemolymph Is  f r e q u e n t l y  e v a lu a t e d  
by e x p o s in g  t h e  i n s e c t  t o  a range o f  s a l i n e  s o l u t i o n s .  By p r o c e d u r e ,
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t h e  a n im a ls  a r e  a c c l i m a t e d  t o  t h e  g r e a t e s t  range o f  s a l i n e  s o l u t i o n s  
t h e y  can t o l e r a t e .  A t  each p o i n t  where a c c l i m a t i o n  i s  a c h ie v e d  t h e  
o s m o t i c  p r e s s u r e  o f  t h e  hemolymph Is  measured. The change in  o s m o t i c  
p r e s s u r e  o f  t h e  medium i s  then  compared w i t h  th e  change in  t h e  
o s m o t i c  p r e s s u r e  o f  th e  hemolymph. The an im a l  r e g u l a t e s  w e l l  when 
A P | M P q  a p p ro x im a te s  z e r o .  A  P . i s  t h e  change i s  o s m o t i c  p r e s s u r e  o f  
t h e  hemolymph a n d A P ^  i s  t h e  change in  o s m o t i c  p r e s s u r e  o f  t h e  medium. 
T h i s  t y p e  o f  e x p e r i m e n t a t i o n  p r o v id e s  th e  means f o r  d e c i d i n g  when 
th e  i n s e c t  has s t a r t e d  b r e a k in g  down and Is  no l o n g e r  t o l e r a t i n g  th e  
s a l i n e  s o l u t i o n  (K rogh ,  1939; Bead le  and Shaw, 1950; Buck, 1953; 
T r e h e rn e ,  1954; Nemenz, I9 6 0 ;  S u t c l i f f e ,  1961b; Shaw and S t o b b a r t ,  
1963) .  From th e  s t a n d p o i n t  o f  e n v i r o n m e n t a l  p h y s i o l o g y ,  th e  
e x p e r im e n t a l  m e th o d o lo g y  whereby  i n s e c t s  fo u n d  o n l y  in  f r e s h  w a t e r  
a r e  s u b je c te d  t o  s a l i n e  s o l u t i o n s  has l i t t l e  meaning s i n c e  these  
i n s e c t s  r a r e l y  i f  e v e r  e n c o u n te r  such changes in  s a l i n i t y .
From th e  p r i m i t i v e  I n s e c t s  t o  t h e  more advanced ,  t h e r e  a re  
changes In th e  p a t t e r n s  in  t h e  i o n i c  c o m p o s i t i o n  o f  t h e  hemolymph. 
Th ree  ty p e s  o f  p a t t e r n s  seem t o  have e v o lv e d  ( S u t c l i f f e ,  I 963) .
These a re  i l l u s t r a t e d  in  F ig u r e  1 and a re  summarized as f o l l o w s :
(a) in  t h e  most p r i m i t i v e  g ro u p ,  A p t e r y g o t a ,  o s m o t i c  p r e s s u r e  i s  
m a i n l y  due t o  sodium and c h l o r i d e  i o n s ,  and t o  a sm a l l  e x t e n t  t o  
p o ta s s iu m  ions ( B o r r o r  and De Long, 1956) .  S u t c l i f f e  (1963) s t a t e s  
t h a t  in  t h i s  p r i m i t i v e  g roup  th e  hemolymph resemb les  t h a t  o f  many 
C ru s ta c e a  and o f  t h e  a r a c h n i d ,  T e g e n a r ia  a t r i c a . (b) In o n l y  t h e  
o r d e r s  O r t h o p t e r a ,  D e rm a p te ra ,  and I s o p t e r a  o f  t h e  e x o p t e r y g o t a  
o r d e r s  ( F ig u r e  1, A) do t h e  i n o r g a n i c  ions  a c c o u n t  f o r  a p p r o x i m a t e l y
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD■D
O
Q .
C
g
Q .
■D
CD
(/)
o'3
O
8
( O '
3.
3"
CD
CD■D
O
Q .
C
a
o
3
■D
O
CD
Q .
■D
CD
C/)
C/)
Mg
Ca
No C I
Co
K
PO
4-
o a
M g
N o
PO.
C I
a o
C £3
C
PO.
A B
F ig u re  1. Char ts  summarizing the  i o n i c  com pos i t ion  o f  the  hemolymph in  d i f f e r e n t  
groups o f  i n s e c ts  ( a f t e r  S u t c l i f f e ) .
A, e x o p te ry g o te s  (Ephemeropte ra , Odonata, P le c o p te ra ,  D ic t y o p t e r a ,  Hemptera ) .
B, endo p te ryg o te s  (Mega 1 o p te r a ,  Neurop te ra ,  Mecoptera, T r l c h o p t e r a ,  D ip te r a ,  some 
C o ie o p te ra ) .  C, L e p id o p te ra ,  Hymenoptera, some C o ie o p te ra .  a. a , Amino a c id s ;
X, unknown; t o  the  l e f t  th e  c h i e f  c a t i o n s ,  sodium, po tass ium, c a lc iu m ,  magnesium; 
t o  the  r i g h t  the  c h i e f  a n io n s ,  c h l o r i d e  and phosphate .
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5 5  p e r  c e n t  o f  t h e  t o t a l  o s m o t i c  p r e s s u r e  o f  th e  hemolymph. The 
o t h e r  o r d e r s  shown in  F ig u r e  1, A , r e f l e c t  t h a t  abou t  70 p e r  c e n t  
o f  t h e  t o t a l  o s m o t i c  p r e s s u r e  i s  due t o  i n o r g a n i c  i o n s .  F i g u r e  1,
B and C g r a p h i c a l l y  d i v i d e s  t h e  e n d o p te r y g o te  o r d e r s  i n t o  the  
re m a in in g  p a t t e r n s .  As shown in  F ig u r e  1, B, 55 p e r  c e n t  o f  th e  
t o t a l  o s m o t i c  p r e s s u r e  in  B and 27 pe r  c e n t  o f  t h e  t o t a l  o s m o t i c  
p r e s s u r e  in  C a r e  due t o  i n o r g a n i c  io n s .  T h i s  d ro p  o f  27 p e r  c e n t  
o c c u rs  g e n e r a l l y  in  t h e  mc5re s p e c i a l i z e d  o r d e r s  o f  L e p i d o p t e r s  and 
Hymenoptera .  (c)  The c o n t r i b u t i o n  f ro m  f r e e  amino a c id s  d i f f e r s  
c o n s i d e r a b l y  between e x o p t e r y g o t e s  and e n d o p t e r g o t e s . The 
e x o p t e r g o t e s  possess  l e s s  f r e e  amino a c i d s ,  a b ou t  10 t o  12 p e r  c e n t ,  
than  do th e  e n d o p te r y g o te s  w h ic h  c o n t a i n  up t o  38 p e r  c e n t  in  C o f  
th e  e n d o p te r y g o te s  ( L e p i d o p t e r a ,  Hymenoptera ,  and some C o i e o p t e r a ) .  
P o ta ss ium  shows a marked in c r e a s e  in  t h e  o r d e r s  L e p i d o p t e r a ,  
Hymenoptera ,  and in  some C o ie o p te r a  (C) o v e r  t h a t  found  in  t h e  o t h e r  
e n d o p te r y g o te s  ( 3 ) .  W i t h i n  C t h e  c o n c e n t r a t i o n  o f  p o ta s s iu m  a p p r o x i ­
mates o r  exceeds t h a t  o f  th e  sod ium. A l s o  w i t h i n  B o f  e n d o p t e r y g o t e s ,  
c h l o r i d e  c o n c e n t r a t i o n  i s  low ( l 0 - 6 0 m M / l i t e r )  ( S t o b b a r t  and Shaw,
1964; W ig g le s w o r t h ,  19&5).
Based upon a sm a l l  number o f  a q u a t i c  s p e c ie s ,  some t e n t a t i v e  
c o n c l u s i o n s  can be made as t o  t h e  c a p a c i t y  o f  f r e s h w a t e r  i n s e c t s  t o  
r e g u l a t e  t h e  c o n c e n t r a t i o n  o f  sodium c h l o r i d e  in  th e  hemolymph. Shaw 
and S t o b b a r t  (19&3) found  t h a t  in  f i v e  f r e s h w a t e r  s p e c ie s ,  t h e  
hemolymph c h l o r i d e  c o n c e n t r a t i o n  may be k e p t  be low  t h a t  o f  t h e  
e x t e r n a l  medium whereas t h e  hemolymph sodium c o n c e n t r a t i o n  i s  a lw ays  
m a in t a in e d  above t h a t  o f  t h e  medium. C h l o r i d e  may be t o  some e x t e n t
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r e g u l a t e d  i n d e p e n d e n t l y  o f  sod ium.
S tu d ie s  by Ramsay (1953) on Aedes a e g y p t l  and a l s o  s i m i l a r  
w ork  by Shaw (1955) s t r o n g l y  s u g g e s t  t h a t  a q u a t i c  l a r v a e  possess a 
h i g h l y  e f f e c t i v e  means f o r  t h e  r e g u l a t i o n  o f  hemolymph p o ta s s iu m .
U n l i k e  mammals, some a q u a t i c  i n s e c t s  can p a r t i a l l y  r e g u l a t e  
t h e  n o n e l e c t r o l y t e  f r a c t i o n  in  t h e i r  hemolymph. The l a r v a  o f  S ia  1 is  
1u t a r i a , when p la c e d  in  d i s t i l l e d  w a t e r ,  l o s e s  c h l o r i d e  f rom  th e  
hemolymph. Under th e se  c o n d i t i o n s  th e  hemolymph c h l o r i d e  i s  lowered  
f ro m  i t s  normal v a lu e  o f  0 ,3  p e r  c e n t  Na Cl t o  0.1 pe r  c e n t  y e t  t h e  
t o t a l  o s m o t i c  p r e s s u r e  rem a ins  a b o u t  t h e  same. The hemolymph p r o t e i n  
is  p r o b a b l y  p a r t i a l l y  degraded t o  amino a c id s  com pensa t ing  f o r  t h e  
d e c re a se  in  c h l o r i d e .  Hemolymph p r o t e i n  can be reduced f ro m  normal 
6 -7  p e r  c e n t  t o  a f r a c t i o n  o f  t h i s  v a lu e  w i t h o u t  i l l  e f f e c t  (Bead le  
and Shaw, 1950) .  The l a r v a e  o f  Aedes a e g y p t i  compensate s i m i l a r l y  
f o r  t h e  lo s s e s  in  c h l o r i d e  in  hemolymph. The hemolymph c h l o r i d e  o f  
Aedes a e g y p t i  d ro p s  a p p r o x i m a t e l y  80 p e r  c e n t  whereas th e  t o t a l  
o s m o t i c  p re s s u re  o f  t h e  hemolymph changes l i t t l e  ( W ig g le s w o r t h ,  1938) .
E x c r e t i o n
M a lp ig h ia n  t u b u le s  a re  th e  c h i e f  e x c r e t o r y  o rgans  f o r  most 
i n s e c t s .  C o lem bo la ,  Japyx  among T h y s a n u ra ,  and A p h id s  l a c k  th e s e  
t u b u l e s .  L i t t l e  i s  known o f  t h e  e x c r e t o r y  o rg an s  o f  A p h id s ,  b u t  
Colembola  and Thysanura  possess s e v e ra l  p a i r s  o f  g la n d s  in  t h e  head 
w h ic h  a r e  re ga rded  as e x c r e t o r y  o rg a n s  (W ig g le s w o r t h ,  1965) .  Depending 
upon th e  s p e c ie s ,  t h e  number o f  M a lp i g h i a n  t u b u le s  v a r y  f rom  two t o  
200.  The d i s t a l  ends o f  th e s e  a r e  c lo s e d  ( B o r r o r  and De Long, 1964) .  
U s u a l l y  t h e  t u b u le s  open i n t o  t h e  i n t e s t i n e  a t  t h e  j u n c t i o n  o f  t h e
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mid and h in d  g u t .  T h i s  a n a to m ic a l  a r ra n g e m e n t  n e c e s s i t a t e s  th e  
p a s s in g  o f  t h e  f l u i d  f ro m  th e  M a lp i g h i a n  t u b u l e s  i n t o  th e  h in d  g u t  
and rec tum  where m o d i f i c a t i o n  o f  t h e  u r i n e  ta k e s  p la c e  (Ross, I 9 6 I ) .
W ig g le s w o r th  (1965) s t a t e s  t h a t  g e n e r a l l y  t h e  M a lp ig h ia n  
tu b e s  l i e  f r e e l y  in  t h e  body c a v i t y  and a re  c o n s t a n t l y  a g i t a t e d  in  
th e  body f l u i d s .  T h i s  a g i t a t i o n  i s  caused by two d i f f e r e n t  a n a to m ic a l  
r e l a t i o n s .  F i r s t ,  t h e  tu b e s  a r e  co ve red  by a sh e a th  w h ic h  c o n t a in s  
many t r a c h e o l e s .  These t r a c h e o l e s  b in d  th e  tu b e s  t o  a d j a c e n t  o rgans  
such as th e  i n t e s t i n e s .  When t h e  i n t e s t i n e  moves, t h e  tubes  move 
p a s s i v e l y  w i t h  i t .  Second, t h e  tubes  th e m se lve s  have a l a y e r  o f  
m usc le  w h ich  u s u a l l y  c o n s i s t s  o f  a s i n g l e  l a y e r  o f  s t r i a t e d  f i b e r s  
f o r m in g  w id e  s p i r a l s  a round  t h e  tu b e .
F l u i d  s e c r e te d  by M a lp i g h i a n  t u b u l e s  Is  a p p r o x i m a t e l y  
i s o s m o t i c  w i t h  th e  hemolymph, b u t  i t s  i n o r g a n i c  c o m p o s i t i o n  d i f f e r s  
in  s e v e ra l  ways ( P h i l l i p s ,  1964b) .  Ramsay (1956) and B e r r i d g e  (196?) 
found  t h a t  th e  M a lp ig h ia n  t u b u l e s  s e c r e t e  a f l u i d  much h ig h e r  in  
c o n c e n t r a t i o n  o f  p o ta s s iu m  than  t h a t  found  in  th e  s u r r o u n d in g  
hemolymph. The c o n c e n t r a t i o n  o f  p o ta s s iu m  in  t h e  t u b u l a r  f l u i d  o f  
t e r r e s t i a l  i n s e c t s  i s  s i x f o l d  g r e a t e r  than  t h a t  i n  t h e  hemolymph 
y e t  i t  i s  t h i r t y f o l d  g r e a t e r  In some a q u a t i c  i n s e c t s  (Ramsay, 1953) .  
Phospha te  i s  th e  o n l y  ion  measured o t h e r  than  p o ta s s iu m  w h ich  is  
above th e  hemolymph l e v e l  ( S t o b b a r t  and Shaw, 1964) .  The sodium 
c o n c e n t r a t i o n  in  t h e  t u b u l a r  f l u i d  i s  lo w e r  than  t h a t  in  th e  hemolymph, 
as i s  a l s o  t r u e  o f  c h l o r i d e  c o n c e n t r a t i o n  in  th e  two s p e c ie s ,
D ix i p p u s  and S c h i s t o c e r c a  (Ramsay, 1955, and P h i l l i p s ,  1964) .
The f o r m a t i o n  o f  t u b u l a r  f l u i d  i s  o n l y  p a r t i a l l y  u n d e rs to o d .
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T u b u la r  f l u i d  i s  c l e a r l y  no t  a p r o d u c t  o f  some s im p le  p h y s i c a l  
p ro ce ss  such as f i l t r a t i o n  t h r o u g h  th e  t u b u l a r  w a l l .  T u b u la r  c e l l s  
c o n t i n u o u s l y  s e c r e t e  {Ramsay, 1956) .  T h i s  r e q u i r e s  some s o r t  o f  
n e t  f l u x  between t h e  hemolymph and th e  t u b u l a r  f l u i d .  Ramsay (1956) 
s t a t e s  t h a t  th e  n e t  p o ta s s iu m  f l u x  i s  a lw a ys  a g a i n s t  an e l e c t r o ­
ch e m ica l  g r a d i e n t ,  even where th e  t r a n s t u b u l a r  p o t e n t i a l  d i f f e r e n c e  
Is  n e g a t i v e .  ^ U n d o u b te d ly  p o ta s s iu m  i s  s e c r e te d  i n t o  t u b u l a r  f l u i d  
t h r o u g h  some a c t i v e  t r a n s p o r t  mechanism ( S t o b b a r t  and Shaw, 1964) .
in  most s p e c ie s  o f  i n s e c t s  s t u d i e d  t h e  e l e c t r o c h e m i c a l  
g r a d i e n t  i s  in  t h e  wrong d i r e c t i o n  t o  f a v o r  t h e  passage o f  sod ium. 
A l th o u g h  sodium i s  a lw a ys  moved th ro u g h  a t r a n s p o r t  sys tem ,  i t  is  
sometimes moved w i t h  t h e  g r a d i e n t  and o t h e r  t im e s  moved a g a i n s t  a 
s m a l l  g r a d i e n t .  Because th e  r e s i s t a n c e  o f  t h e  g r a d i e n t  i s  s m a l l ,  
c o n c l u s i v e  e v id e n c e  is  l a c k i n g  as t o  w h e th e r  sodium i s  a c t i v e l y  
t r a n s p o r t e d  (Ramsay, 1955) .
The im p o r ta n ce  o f  t h e  s e c r e t i o n  o f  p o ta s s iu m  by th e  t u b u l e  
c e l l s  i s  b ro u g h t  o u t  by two e x p e r im e n t a l  o b s e r v a t i o n s  on I s o l a t e d  
t u b u l e s  in  an a r t i f i c i a l  medium. F i r s t ,  as i n d i c a t e d  e a r l i e r ,  th e  
p o ta s s iu m  c o n c e n t r a t i o n  in  t h e  t u b u le s  o f  a l l  s p e c ie s  s t u d i e d  i s  
e x t r e m e ly  h ig h  (6 t o  30 t im e s  t h a t  o f  t h e  hemolymph). Second, th e  
r a t e  o f  u r i n e  f l o w  depends c r i t i c a l l y  on th e  c o n c e n t r a t i o n  o f  p o ta s s iu m  
in  t h e  hemolymph. In t h e  absence o f  p o ta s s iu m  in  th e  medium, t h e  r a t e  
o f  u r i n e  f o r m a t i o n  app roaches  z e r o .  What t u b u l a r  f l o w  i s  fo rmed i s  a 
r e s u l t  o f  sodium b e in g  s e c r e te d  in  h ig h  c o n c e n t r a t i o n s  i n t o  i t .  When 
r e l a t i v e l y  low c o n c e n t r a t i o n s  o f  p o ta s s iu m  ( 3 m M / l i t e r )  a re  added to  
t h e  medium, i t  Is  p r e f e r e n t i a l l y  s e c r e t e d ,  f l u i d  f o r m a t i o n  a c c e l e r a t e s
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and more p o ta s s iu m  than  sodium i s  found  t h e r e i n  ( B e r r i d g e ,  1967) .
T h i s  w ork  o f  B e r r i d g e  lends  f u r t h e r  s u p p o r t  t o  Ramsay's t h e o r y  t h a t  
t h e  a c t i v e  t r a n s p o r t  o f  p o ta s s iu m  i s  fu n d a m e n ta l  t o  t h e  p r o d u c t i o n  
o f  t u b u l e  f l u i d  and i s  t h e  p r im e  mover in  g e n e r a t i n g  t h e  f l o w  o f  u r i n e ,  
However, f l u i d  f o r m a t i o n  Is  n o t  n e c e s s a r i l y  t h e  r e s u l t  o f  p a s s iv e  
w a t e r  movement due t o  th e  p re se n ce  o f  an o s m o t i c  g r a d i e n t  by th e  
inward s e c r e t i o n  o f  p o ta s s iu m  s i n c e  i t  may s t i l l  o c c u r  when th e  
o s m o t i c  g r a d i e n t  i s  s l i g h t l y  u n f a v o r a b l e  (Ramsay, 1954) .
The chem ica l  c o m p o s i t i o n  o f  u r i n e  depends upon n o t  o n l y  what 
su b s ta n ces  a re  p r e s e n t  in  th e  d i e t  in  excess  o f  t h e  needs o f  th e  body 
b u t  a l s o  upon t h e  p r o d u c t i o n  o f  w as te  p r o d u c t s  in  m e ta b o l i s m  
( W ig g le s w o r th ,  1965) .  Depending upon th e  s p e c ie s ,  th e  p r i n c i p a l  
n i t r o g e n o u s  p r o d u c ts  t h a t  may be e x c r e t e d  a re  ammonia, u r e a ,  amino 
a c i d s ,  u r i c  a c i d ,  p u r i n e s ,  and p t e r i d i n e s  (Boede r ,  1953) .
S in ce  u r i c  a c id  i s  h i g h l y  i n s o l u b l e  as th e  f r e e  a c id  o r  as 
ammonium s a l t ,  i t  r e q u i r e s  l i t t l e  w a t e r  f o r  e l i m i n a t i o n .  U r i c  a c id  
c o n t a i n s  l e s s  hydrogen than  any o t h e r  n i t r o g e n o u s  compound e x c r e t e d  by 
a n im a ls  so i t  i s  w e l l  adap ted  f o r  th e  c o n s e r v a t i o n  o f  w a t e r .  The 
ad va n ta g e  t o  i n s e c t s  in  d r y  e n v i r o n m e n ts  i s  g r e a t ,  b u t  pe rhaps  i t  i s  
even more im p o r ta n t  d u r i n g  th e  p e r i o d s  o f  d eve lopm en t  in  th e  egg where 
no means f o r  r e p l e n i s h i n g  w a t e r  i s  a v a i l a b l e  ( W ig g le s w o r th ,  1965) .
Ammonia i s  t h e  s i m p l e s t  fo rm  in  w h ic h  n i t r o g e n  can be e x c r e t e d .  
However, s i n c e  f r e e  ammonia i s  t o x i c  and e x t r e m e ly  s o l u b l e ,  l a r g e  
q u a n t i t i e s  o f  w a t e r  a r e  needed f o r  th e  e l i m i n a t i o n .  In many a q u a t i c  
l a r v a e ,  70 t o  90 p e r  c e n t  o f  t h e  e x c r e t e d  n i t r o g e n  appears  as ammonia 
(S ta d d o n ,  1955, 1959) .
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PURPOSE OF PRESENT STUDY
The o b j e c t i v e s  o f  t h e  p r e s e n t  s tu d y  were to  d e t e r m in e :
1. The c o n c e n t r a t i o n  o f  sodium and p o ta s s iu m  and th e  
o s m o l a l i t y  o f  bo th  th e  hemolymph and u r i n e  in  nymphs t r e a t e d  w i t h  
Rock Creek w a t e r .
2 . The c o n c e n t r a t i o n  o f  sodium and p o ta s s iu m  and th e  
o s m o l a l i t y  o f  b o th  hemolymph and u r i n e  in  nymphs t r e a t e d  w i t h  
d e m in e r a l i z e d  w a t e r .
3 . Any s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  in  th e  
c o n c e n t r a t i o n  o f  sodium and p o ta s s iu m  and th e  o s m o l a l i t y  r e s p e c t i v e l y  
o f  t h e  hemolymph and u r i n e  o f  t h e  a n im a ls  under  t h e  two t r e a t m e n t s .
4. The w e ig h t s  o f  nymphs a t  t h r e e  day i n t e r v a l s  under  th e  
two t r e a t m e n t s .
5. The H y p o t h e s i s :  t h a t  o v e r  an e x tended  p e r i o d  o f  t im e
(28 days)  nymphs m a in t a i n e d  in  Rock Creek w a t e r  can remain  in  s a l t  and 
w a t e r  b a la n ce  whereas nymphs m a in t a i n e d  in  d e m in e r a l i z e d  w a te r  can n o t ,
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CHAPTER I I
MATERIALS AND METHOD
T h i r d - y e a r  f i n a l  i n s t a r  o n l y  o f  l a r v a e  were s e le c t e d  f o r  
t h e  e x p e r im e n t  n o t  o n l y  t o  reduce  th e  h e t e r o g e n e i t y  t h a t  m ig h t  e x i s t  
i f  a v a r i e t y  o f  i n s t a r s  were  used b u t  t o  a v o id  t h e  d i f f i c u l t y  o f  
d e t e r m in i n g  w h e th e r  t h e  a n im a ls  were o f  t h e  same i n s t a r s .  D i f f e r e n t  
i n s t a r s  o f  o t h e r  i n s e c t s  have been shown t o  d i f f e r  c o n s i d e r a b l y  In 
p h y s i o l o g y .  W i th  s t o n e f l i e s  t h i s  l i k e l i h o o d  i s  n o t  to o  g r e a t  compared 
t o  h i g h e r  k i n d s  o f  i n s e c t s  such as th e  1e p i d o p t e r a n s . N e v e r t h e l e s s ,  
t h e  degree  o f  hom ogene i ty  was i n c re a s e d  by u s in g  th e  t h i r d - y e a r  c l a s s  
l a s t  i n s t a r .  T h i s  meant t h a t  t h e  a n im a ls  had t o  be c o l l e c t e d  in  e a r l y  
s p r i n g  ( l a t e  March and e a r l y  A p r i l ) .  S u p p o r t  f o r  th e  a ssu m p t io n  t h a t  
th e se  were o f  t h e  same i n s t a r  was i n d i c a t e d  in  t h e  l a t e r  emergence o f  
a number o f  th e se  a n im a ls  a t  t h e  t e r m i n a t i o n  o f  t h e  e x p e r im e n t .
The e x p e r i m e n t a t i o n  was begun on a n im a ls  c o l l e c t e d  in  A p r i l .  
Much o f  th e  a n a l y s i s  on t h e  a n im a ls  was done d u r i n g  th e  f i r s t  summer. 
Toward th e  l a t t e r  p a r t  o f  th e  summer i t  was d is c o v e r e d  t h a t  t h e  m i c r o -  
o som ete r  was n o t  f u n c t i o n i n g  c o r r e c t l y .  A p p a r e n t l y  t h i s  m a l f u n c t i o n  
o c c u r r e d  s l o w l y  o v e r  a long  p e r i o d  o f  t im e  and d i d  n o t  become o b v io u s  
u n t i l  a g r e a t  p a r t  o f  t h e  work  had been c o m p le te d .  S in ce  th e  
m a l f u n c t i o n  d id  n o t  o c c u r  a t  a c o n s t a n t  r a t e ,  a c o r r e c t i v e  f a c t o r  
c o u ld  n o t  be added t o  compensate  f o r  th e  e r r o r .  T h e r e f o r e ,  th e
13
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measurements  ta ke n  d u r i n g  t h a t  summer were  c o n s id e re d  I n v a l i d  and 
were  d i s c a r d e d .  A p e r i o d  o f  w a i t i n g  t h e r e f o r e  ensued u n t i l  t h e
f o l l o w i n g  A p r i l  when t h e  same I n s t a r  c o u ld  be c o l l e c t e d  and r e a s o n a b ly
p o s i t i v e l y  I d e n t i f i e d .
I n s e c t s  were s e le c t e d  f ro m  a s t r e t c h  o f  Rock Creek w a t e r  300 
m e te rs  In l e n g t h  and te n  m e te rs  In w i d t h .  A l l  i n s e c t s  were c o l l e c t e d
f ro m  th e  m id d le  o f  t h e  s t re a m .  T h i s  s e l e c t i o n  was d e s igned  t o  In c re a s e
th e  h o m og e n e i ty  o f  t h e  p o p u l a t i o n  and t h e r e b y  de c rea se  th e  m a g n i tude  
o f  s t a n d a rd  e r r o r .
CAPTURE AND MAINTENANCE
The s t o n e f l i e s  used In t h i s  s tu d y  were c a p tu r e d  w i t h  a w i r e  
s c re e n  n e t  (1.22m x  0.91m w i t h  19 mesh) mounted between two p o le s  and 
p la c e d  downstream f ro m  th e  c o l l e c t i n g  s i t e .  S tones ups t ream f ro m  th e  
n e t  were  o v e r t u r n e d  a l l o w i n g  th e  s t r o n g  c u r r e n t  t o  c a r r y  th e  s t o n e f l i e s  
I n t o  t h e  n e t .  S t o n e f l les  o f  t h e  same y e a r  c l a s s  and most p r o b a b l y  o f  
t h e  same I n s t a r  were  removed f ro m  th e  n e t  and p la ce d  In  a w a t e r - f i l l e d  
I n s u l a t e d  c o n t a i n e r .  A f t e r  c a p t u r e  80 a n im a ls  were Im m e d ia te ly  t r a n s ­
p o r t e d  t o  th e  l a b o r a t o r y  a t  t h e  U n i v e r s i t y  o f  Montana. A l l  c o n t a i n e r s  
c o n t a i n i n g  I n s e c t s  and t h e  e x t e r n a l  medium were Immersed In a 190 
l i t e r  r e f r i g e r a t e d  w a t e r  b a th  m a n u fa c tu re d  by Amer ican  In s t r u m e n t  
Company w h ic h  k e p t  t h e  t e m p e r a t u re  r e l a t i v e l y  c o n s t a n t  a t  10°C.
The I n s e c t s  were d i v i d e d  I n t o  two g ro u p s .  One g roup  was 
m a in t a i n e d  In Rock Creek w a t e r  and th e  o t h e r  In d o m i n e r a i Ized w a t e r .  
Each g r o u p ,  w h e th e r  m a in t a i n e d  In  d e m in e r a l I z e d  o r  Rock Creek w a t e r ,  
was f u r t h e r  d i v i d e d  I n t o  f i v e  g roups  c o n t a i n i n g  e i g h t  a n im a ls  each .
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F our  o f  t h e  f i v e  g roups  o f  a n im a ls  were p la c e d  in  o n e - l i t e r  p y re x  
b e a k e rs  w h ic h  were  t h r e e - f o u r t h s  submerged in  a w a t e r  b a th .  The 
f i f t h  g ro u p  o f  e i g h t  i n s e c t s  was p la c e d  in  a p a r t i a l l y  submerged 
p l a s t i c  box c o n t a i n i n g  e ig h t e e n  s e p a r a te  com par tm en ts .  The p l a s t i c  
box was m o d i f i e d  by d r i l l i n g  tw e n ty  ( 0 .5  cm in  d ia m e t e r )  h o le s  In th e  
i n t e r i o r  s i d e s  o f  each com par tment  so t h a t  w a t e r  wou ld  c i r c u l a t e  
w i t h i n  t h e  box. The t i g h t  f i t t i n g  1 id p re v e n te d  th e  i n s e c t s  f rom  
c r a w l i n g  f ro m  one compar tment  t o  a n o t h e r .  The two p l a s t i c  boxes w i t h  
com par tm en ts  k e p t  each i n d i v i d u a l  r e s p e c t i v e l y  i d e n t i f i e d .
The w a t e r  f o r  a l l  a n im a ls  was w e l l  a e r a t e d  by aquar ium  a i r  
s to n e s  s u p p l i e d  w i t h  a i r  f r o m  th e  l a b o r a t o r y  b u i l d i n g ' s  a i r  co m p re sso r .  
The a i r  was f i r s t  f i l t e r e d  t h ro u g h  a column o f  g l a s s  wool and c o t t o n  
(4cm d ia m e te r  x  100 cm lo n g )  b e f o r e  e n t e r i n g  t h e  a i r  s to n e s .  The 
d i s s o l v e d  oxygen in  t h e  te n  c o n t a i n e r s  as d e te rm in e d  by the  m o d i f i e d  
W i n k l e r  method ranged f ro m  9 .1 7  t o  9 .2 5  ppm. Water  a t  10°C and a t  an 
a l t i t u d e  o f  3280 f e e t  i s  100 p e r  c e n t  s a t u r a t e d  when i t  c o n t a in s  10 ppm 
d i s s o l v e d  oxygen .  A l l  a n im a ls  were s t a r v e d  f o r  t h e  d u r a t i o n  o f  t h e  
e x p e r im e n t  and t h e i r  w a t e r  was changed d a i l y  t o  m in im iz e  th e  accum u la ­
t i o n  o f  i o n s  leached  f ro m  t h e i r  b o d ie s  and l o s t  t o  t h e  w a t e r .
METHOD OF WEIGHING
A c o n t in u u m  o f  w e ig h t  p a t t e r n  o v e r  a t im e  i n t e r v a l  was 
e s t a b l i s h e d  w i t h  t h e  f o l l o w i n g  c o n t r o l s .  S i x  i n s e c t s  were s e l e c t e d  a t  
random f ro m  th e  w a t e r  b a th  c o n t a i n i n g  d e m in e r a l i z e d  w a t e r  and each o f  
th e s e  s i x  i n s e c t s  was weighed  i n d i v i d u a l l y  e v e ry  t h r e e  days .  The 
same p ro c e d u re  was re p e a te d  f o r  s i x  i n s e c t s  ta k e n  a t  random f ro m  th e
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box c o n t a i n i n g  Rock Creek w a t e r .  B e fo re  w e ig h in g  each I n s e c t  was 
a l l o w e d  t o  c ra w l  on b l o t t i n g  pape r  (20cm x  20cm) f o r  30 seconds.
The i n s e c t  was p la c e d  on a M e t t l e r  B-5 Ba lance  and weighed t o  th e  
n e a r e s t  m i l l i g r a m  (see d a ta  f o r  one nymph in  a p p e n d i x ) .  The t im e  
a l l o w e d  f o r  each w e ig h in g  was m in im iz e d  t o  a b o u t  one m in u te  t o  reduce 
p h y s i o l o g i c a l  s t r e s s .
The r e p e a t a b i l i t y  f o r  w e ig h in g  one p a r t i c u l a r  i n s e c t  s i x  t im e s  
ranged f ro m  0 .3 6 7  t o  1 .059g .  T h i s  i n s e c t  d i d  n o t  s e q u e n t i a l l y  
d e c re a s e  o r  i n c r e a s e  in  w e i g h t ,
ROCK CREEK WATER STUDIES
One c o l l e c t i o n  o f  Rock Creek w a t e r  was s u f f i c i e n t  f o r  a l l  th e  
e x p e r i m e n t a l  s t u d i e s .  From e i g h t  r e s p e c t i v e  samples o f  Rock Creek 
w a t e r  sodium and p o ta s s iu m  were a n a ly z e d  w i t h  a Beckman 105 Flame 
P h o to m e te r  and th e  o s m o l a l i t y  d e te rm in e d  by a M e ch ro la b  301A m ic r o  
o s o m e te r .  Sodium and p o ta s s iu m  c o n c e n t r a t i o n  v a lu e s  c o u ld  be re p ea te d  
1.1 ± .4 6  m Eq Na/1 and 0 .2 7  ± .08  m Eq K/1 r e s p e c t i v e l y .
COLLECTION AND MEASUREMENT OF HEMOLYMPH
The c o l l e c t i o n  o f  a p p r o x i m a t e l y  50 m i c r o l i t e r s  o f  hemolymph 
f ro m  each an im a l  was e s s e n t i a l  f o r  a c c u r a t e  a n a l y s i s  o f  th e  p a ra m e te rs  
t o  be measured.  F u r th e rm o re  th e  f l u i d  had t o  be r a p i d l y  c o l l e c t e d  t o  
p r e v e n t  c o a g u l a t i o n  and e v a p o r a t i o n .  S e ve ra l  e x p l o r a t o r y  te c h n iq u e s  
were  t r i e d .  For  exam p le ,  t h e  le g  f ro m  each o f  many i n s e c t s  was 
removed, b u t  i n s u f f i c i e n t  hemolymph was c o l l e c t e d .  In th e  n e x t  
a t t e m p t  a sm a l l  o p en in g  was made by p i e r c i n g  th e  c u t i c l e  o f  t h e
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a n i m a l .  O b v i o u s l y  in  such a p r e p a r a t i o n  th e  s u r f a c e  s u r r o u n d in g  
t h e  p u n c t u r e  must be n o n - w e t t a b l e  t o  p r e v e n t  “ ru n n in g ' *  o f  th e  exuded 
body f l u i d s .  S e v e ra l  te c h n iq u e s  i n d i c a t e d  in  t h e  l i t e r a t u r e  were 
t r i e d .  For  example ,  t h e  an im a l  was swabbed w i t h  e t h e r ,  wax d i s s o l v e d  
in  e t h e r  was a p p l i e d  and a l l o w e d  t o  d r y .  A sm a l l  h o le  was then  made 
in  t h e  c e n t e r  o f  t h e  a rea  where wax had been a p p l i e d .  V a r io u s  s i z e  
c a p i l l a r y  tu b e s  were i n i t i a l l y  and u n s u c c e s s f u l l y  t r i e d  in  o r d e r  
t o  c o l l e c t  s u f f i c i e n t  hemolymph. In consequence,  many h o le s  were 
made in  v a r i o u s  p a r t s  o f  t h e  body,  a v a r i e t y  o f  n o n - w e t t a b l e  a gen ts  
were used and a v a r i e t y  o f  sm a l l  tubes  t o  remove hemolymph by 
c a p i l l a r i t y  were t r i e d .  A l l  p roved  u n s a t i s f a c t o r y  f o r  my p u rp o se .
An o r i g i n a l  t e c h n iq u e  was e v e n t u a l l y  p e r f e c t e d .  The i n s e c t  was r i n s e d  
t h o r o u g h l y  w i t h  d e m in e r a l i z e d  w a t e r ,  b l o t t e d ,  and a l l o w e d  t o  d r y .
A d e n t a l  d r i l l  o f  a p p r o x i m a t e l y  one h a l f  m i l l i m e t e r  in  d ia m e te r  was 
used t o  make th e  o p e n in g .  In p l a c e  o f  a v a r i e t y  o f  d i f f e r e n t  wax 
p r e p a r a t i o n s ,  a t e f l o n  s p ra y  was used. The s p ra y  p re v e n te d  th e  
s p r e a d in g  o f  th e  exuded body f l u i d s  and was much more e a s i l y  a p p l i e d .  
F u r t h e r m o r e ,  t e f l o n  l a c k s  p o ta s s iu m  and sodium w h ich  c o u ld  p o s s i b l y  
c o n ta m in a te  the  f l u i d .  One end o f  a l a r g e r  c a p i l l a r y  tube  was i n s e r t e d  
i n t o  th e  h o le  in  t h e  dorsum and th e  o t h e r  end communicated v i a  a n o t h e r  
tu b e  t o  a chamber c o n t a i n i n g  a p a r t i a l  vacuum ( F ig u r e  2 ) .  The 
hemolymph c o u ld  t h e r e f o r e  be b r o u g h t  i n t o  th e  c a p i l l a r y  t u b e ,  n o t  
o n l y  w i t h  e f f e c t i v e  c a p i l l a r y  a c t i o n ,  b u t  a l s o  by t h i s  g e n t l e  vacuum. 
A d d i t i o n a l  hemolymph was squeezed f ro m  th e  an ima l  by r o l l i n g  a g l a s s  
rod  f o r w a r d  f rom  th e  p o s t e r i o r  end to w a rd s  th e  head. Care was taken  
t o  a v o id  b r e a k in g  t h e  i n t e s t i n e .  I f  t h e  i n t e s t i n e  was i n a d v e r t e n t l y
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TO TO
CAPILLARY TUBE VACUUM
F ig u re  2. A s p i r a t i o n  Chamber used t o  f a c i l i t a t e
w i t h d r a w a l  o f  hemolymph f ro m  th e  i n s e c t s ,
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b r o k e n ,  a v e r y  d a r k  l i n e  o f  f l u i d  appeared in  t h e  hemolymph. These 
samples were d i s c a r d e d .  The c a p i l l a r y  tu b e  c o n t a i n i n g  th e  b lood  was 
c a r e f u l l y  s e a le d  by f l a m e .  S in ce  h e a t  te n d s  t o  c o a g u l a t e  hemolymph, 
c a re  was ta ke n  t o  a v o id  o v e r h e a t i n g  t h i s  f l u i d .  The c e l l u l a r  m a t t e r  
was spun down in  a m i c r o - c a p i l l a r y  c e n t r i f u g e  and removed. The o t h e r  
end o f  t h e  tu b e  was s e a le d  and t h e  tu b e  was p la c e d  in  t h e  f r e e z i n g  
com par tm en t  a t  -4 °C .
C o l l e c t i o n  and a n a l y s i s  o f  f l u i d  f ro m  th e  M a lp i g h i a n  t u b u le s  
wou ld  have been i n v a l u a b l e  t o  t e s t i n g  f o r  h y p o th e s e s ,  b u t  th e  
l a b o r a t o r y  d i d  n o t  possess  t h e  n e c e s s a ry  m i c r o  a n a l y t i c a l  equ ipment  
f o r  such a n a l y s i s .
COLLECTION AND MEASUREMENT OF URINE
C o l l e c t i n g  th e  n e c e s s a ry  50 m i c r o l i t e r s  o f  u r i n e  f rom one 
i n s e c t  p ro ved  t o  be a p ro b le m .  M echan ica l  s t r o k i n g  o f  th e  i n s e c t  d id  
n o t  p roduce  s u f f i c i e n t  u r i n e  o v e r  a r e a s o n a b le  p e r i o d  o f  t im e .  In d u c in g  
u r i n a t i o n  by immers ing th e  an im a l  in  w a t e r  c o n t a i n i n g  Sandoz 222 o r  
by e x p o s in g  i t  t o  t h e  v a p o r  o f  t h i s  a n e s t h e t i c  d i d  n o t  p rove  c o n s i s t e n t ,  
i m m o b i l i z i n g  th e  a n im a l  w i t h  i t s  head and body p r o p e r  in  w a t e r  and 
i t s  re c tu m  and t h e  c o l l e c t i n g  d e v i c e  i s o l a t e d  in  a i r  by an i n t e r v e n i n g  
ru b b e r  dam proved  i n e f f e c t i v e .  The an ima l  tended t o  b re ak  lo o s e  f rom  
t h e  r u b b e r  dam and th e  c o l l e c t e d  u r i n e  e v a p o ra te d  f ro m  th e  c o l l e c t i n g  
d e v i c e .
A f o u r t h  and w o rk a b le  t e c h n iq u e  u t i l i z i n g  a r e c t a l  c a n n u la  
was used.  A number o f  m o d i f i c a t i o n s  o f  c a n n u l a t i o n  t e c h n iq u e s  were 
t r i e d .  Small  p o l y e t h y l e n e  t u b i n g  (PE-IO)  was f i r s t  s e le c t e d  s i n c e  a
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sm a l ]  b u lb  c o u ld  be fo rmed n e a r  t h e  I n s e r t e d  end o f  t h e  ca n n u la  t h e r e b y  
a l l o w i n g  th e  tu b e  t o  be s e c u r e l y  t i e d  on t o  th e  rec tum  w i t h  sm a l l  
t h r e a d .  However, t h e  b u lb  a t  th e  end o f  t h e  c a n nu la  o c c a s i o n a l l y  
causes  some damage t o  t h e  rec tum  t h e r e b y  a l l o w i n g  hemolymph t o  e n t e r  
t h e  u r i n e .  F u r t h e r m o r e ,  t h e  sm a l l  d ia m e te r  o f  th e  t u b i n g  r e q u i r e d  
an e x c e s s i v e  l e n g t h  in  o r d e r  t o  c o l l e c t  th e  n e c e s s a ry  50 ml o f  u r i n e .
r-
The p ro b le m  o f  l e n g t h  c o u ld  have been overcome by u s in g  t h r e e  s i z e s  
o f  PE t u b i n g .  The f i r s t ,  PE-10, tube  c o u ld  be s l i p p e d  i n t o  th e  
second ,  PE-40,  tu b e  w h ic h  in  t u r n  c o u ld  be s l i p p e d  i n t o  a PE- 90  tube  
w i t h  t h e  l a t t e r  c o m p r i s i n g  th e  b u l k  o f  t h e  c o l l e c t i n g  d e v i c e .  However, 
t h i s  d e v i c e  to o k  c o n s i d e r a b l e  t im e  t o  make and PE t u b i n g  possesses 
l e s s  c a p i l l a r i t y  than  g l a s s .  A w o r k a b le  and s u i t a b l e  te c h n iq u e  was 
e v e n t u a l l y  d e v i s e d .  A s e c t i o n  o f  g l a s s  t u b i n g ,  a p p r o x i m a t e l y  one 
c e n t i m e t e r  in  l e n g t h ,  was c u t ,  g round  on a Carborundum s to n e  t o  remove 
sha rp  edges ,  and f i n a l l y  l i g h t l y  f i r e  p o l i s h e d .  One end was b a r e l y  
i n s e r t e d  i n t o  t h e  rec tum  and s e c u r e l y  t i e d  w i t h  sm a l l  th re a d  wrapped 
a round  t h e  ana l  c e r c i .  A t t a c h e d  t o  t h e  o t h e r  end o f  th e  g la s s  c a n nu la  
was a p i e c e  o f  PE-90 p o l y e t h y l e n e  t u b i n g  w h ic h  com pr ised  th e  m a jo r  
p o r t i o n  o f  t h e  c a n n u la  (see F i g u r e  3 ) .  T h i s  t e c h n iq u e  worked su c c e s s ­
f u l l y  w i t h  no a p p a r e n t  damage t o  t h e  re c tu m ,
A cement had t o  be found  t h a t  wou ld  a t t a c h  g la s s  to  
p o l y e t h y l e n e ,  harden in  th e  p re sen ce  o f  w a t e r ,  and s t i l l  be n o n - t o x i c .  
The b e s t  f o r  a l l  pu rposes  was found  t o  be a d e n t a l  a c r y l i c  cement 
used in  mak ing  d e n t a l  t r a y s .  C o l l o d i o n  was a p p l i e d  between th e  edge 
o f  t h e  re c tu m  and th e  ca n n u la  t o  i n s u r e  t h a t  no w a t e r  wou ld  e n t e r  o r  
u r i n e  w ou ld  le a v e  a t  t h e  a re a  o f  i n s e r t i o n  and t h a t  t h e  e n t i r e
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ANAL CERCUS
P E - 9 0
F ig u re  3* P o s t e r i o r  p o r t i o n  o f  P te r o n a rc y s  wi th  
c a n n u la  i n s e r t e d  In rec tum f o r  remova1 
and c o l l e c t i o n  o f  u r i n e .
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a p p a r a tu s  w ou ld  rem a in  in  p l a c e .  Checks were made on s e v e r a l  a n im a ls  
t o  i n s u r e  t h a t  t h e  c o n n e c t i o n s  were s e a le d .  The d i s t a l  end o f  th e  
c a n n u la  was s e a le d .  As t h e  u r i n e  was e x c r e t e d  i n t o  th e  c a n n u la s ,  th e  
r e m a in in g  volur#e o f  a i r  became more and more compressed so long  as no 
l e a k s  e x i s t e d  in  t h e  sys tem .  When th e  d i s t a l  end o f  t h e  c a n nu la  was 
s n ip p e d  o f f ,  th e  f l u i d  moved r a p i d l y  up t h e  c a n n u la  i n d i c a t i n g  t h a t  
th e  sys tem  was w a t e r  t i g h t .  T h i s  t e c h n iq u e ,  however ,  was n o t  used on 
t h e  e x p e r im e n t a l  a n im a ls  s i n c e  i t  was assumed in  a l l  cases t h a t  th e  
c o l l o d i o n  se rved  as a w a t e r t i g h t  g a s k e t .  F u r th e rm o r e ,  s c a l i n g  o f f  th e  
d i s t a l  end o f  t h e  t u b i n g  o f  e x p e r im e n t a l  a n im a ls  c o u ld  r e f l u x  u r i n e  
i n t o  t h e  rec tum  and h in d  g u t  i f  s u f f i c i e n t  p r e s s u r e  d e v e lo p e d .
Once s u f f i c i e n t  u r i n e  was c o l l e c t e d  in  th e  c a n n u la ,  th e  
c a n n u la  was removed. The c o n t e n t s  o f  th e  removed ca n n u la  were em p t ied  
i n t o  a g l a s s  c a p i l l a r y  t u b e .  One end o f  t h e  tu b e  was c a r e f u l l y  sea led  
w i t h  a f l a m e .  I f  t h e  u r i n e  c o n ta in e d  s o l i d  f e c a l  m a t t e r ,  as i t  o f t e n  
d i d  f r o m  a n im a ls  r e c e n t l y  c o l l e c t e d ,  t h e  c o n t e n t s  o f  t h e  g la s s  
c a p i l l a r y  tube  were  c e n t r i f u g e d  f o r  f i v e  m in u te s  in  a m i c r o - c a p i l l a r y  
c e n t r i f u g e .  A l t h o u g h  th e  u r i n e  c o u ld  have been p o s s i b l y  co n ta m in a te d  
by t h e  f e c e s ,  t h e  e x t e n t  o f  t h i s  was c o n s id e r e d  n e g l i g i b l e  and was 
t h e r e b y  ig n o re d .  The o t h e r  end o f  t h e  tube  was se a le d  and th e  tu b e  
was p la c e d  in  a f r e e z i n g  com par tm en t  a t  a p p r o x i m a t e l y  -4 °C .
Osmolal  c o n c e n t r a t i o n s  o f  u r i n e  and hemolymph were d e te rm in e d  
by v a p o r  p r e s s u r e  osmometry .  No more than  f o u r  samples c o u ld  be run 
on t h e  osmometer p e r  day .  T h i s  was due t o  t h e  l i m i t a t i o n  imposed by 
t h e  a v a i l a b i l i t y  o f  o n l y  f o u r  m ic r o  s y r i n g e s .  A s ta n d a rd  c u r v e  
p l o t t i n g  R (change in  r e s i s t a n c e )  a g a i n s t  nOsm/Kg H2 O c o n c e n t r a t i o n
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was e s t a b l i s h e d  u s in g  s ta n d a rd  s o l u t i o n s  o f  NaCl.  A l i n e a r  r e g r e s s i o n  
l i n e  was f i t t e d  t o  t h e  d a ta  and th e  s lo p e  (m) d e te rm in e d  (see F ig u r e  4 ) .  
The o s m o l a l i t y  then  c o u ld  be q u i c k l y  c a l c u l a t e d ,  d i v i d i n g A R  r e a d in g s  
by t h e  m v a lu e  o b t a in e d  f ro m  th e  r e g r e s s i o n  r e l a t i o n s h i p .  R e p e a t a b i l i t y  
was ± 1 mOsm/Kg H2 O a t  100 mOsm and ± 2 mOsm/Kg H^O a t  300 mOsm.
B a s ic  a n a l y s i s  f o r  d e t e r m in i n g  d i f f e r e n c e s  in  th e  v a r i a b l e s  
u n d e r  s t u d y  u t i l i z e d  t .  t e s t s .  The s i z e  o f  t h e  samples used in  t h i s  
i n v e s t i g a t i o n  r a i s e d  th e  usua l  q u e s t i o n s  r e l a t i v e  t o  t h e  a ssu m pt io n s  
o f  n o r m a l i t y  o f  d i s t r i b u t i o n s  a s s o c ia t e d  w i t h  sm a l l  samples .  The 
Mann-W h i tney  U t e s t  has been used f o r  v e r i f i c a t i o n  purposes  ( S i e g e l ,  
1957) .  The d a ta  in  t h e  base a n a l y s i s  t a b l e s  show th e  degree  o f  
co n g ru e n ce  In  v e r i f i c a t i o n .  D e p a r tu re s  f ro m  co m p le te  congruence  w i l l  
o c c u r  t h r o u g h  th e  p r o b a b i l i t y  o f  chance in  b o rd e r  l i n e  i n s t a n c e s .  The 
d a ta  i n d i c a t e  t h a t  such v a r i a n c e s  a re  c o n f i n e d  t o  th e se  cases .
The b a s i c  d a ta  have been t r a n s l a t e d  i n t o  two ty p e s  o f  p i c t o r i a l  
r e p r e s e n t a t i o n .
1. L in e  g ra p h s  have been used t o  g i v e  a v i s u a l  im p re s s io n  
o f  change in  th e  v a r i a b l e s  unde r  s t u d y .  The t r e a t m e n t s  c o n f i n e d  t o  
two t im e  p e r i o d s  do n o t  p e r m i t  q u a n t i f i c a t i o n  in  te rms o f  e q u a t io n s  
d e n o t i n g  r a t e s  o f  change.
2 . R e p r e s e n t a t i o n  o f  change in  measurement o f  v a r i a b l e s  has 
been g r a p h i c a l l y  p re s e n te d  in  te rms o f  th e  range o f  measurement p lu s  
o r  m inus  two s ta n d a rd  e r r o r s  o f  t h e  mean.
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F ig u re  A. L in e a r  re g re s s io n  o f  the  s tandard  c a l i b r a t i o n  curve  r e l a t i n g  change o f  r e s is t a n c e  
to  c o n c e n t ra t i o n  (mOsm/Kg H2O) f o r  Mechrolab vapor p ressu re  osmometer. Y = mx + b 
where ni ( th e  s lope)  = 0,06o9. D iv i d in g  R by O.O689 gave the c o n c e n t r a t io n  o f  
f l u i d s  in  mOsm/Kg
CHAPTER
RESULTS
ROCK CREEK WATER ANIMAL TREATMENT
Changes In t h e  Hemolymph
Data o f  T a b le  1 i n d i c a t e  t h a t  mean c o n c e n t r a t i o n s  o f  sodium 
In t h e  hemolymph u nde rw en t  no s i g n i f i c a n t  changes a c c o r d in g  t o  th e  t  
t e s t  between A p r i l  4 and A p r i l  22 n o r  between A p r i l  22 and May 2.
The s u c c e s s iv e  changes were in  a d e c re a s in g  d i r e c t i o n  (114 .8  mEq/1 t o
110.3  mEq/1 t o  106.3  mEq/1 b u t  a s s o c ia t e d  t ' s  r a n g in g  f rom  1.616 t o  
1 .697 were s l i g h t l y  be low  th e  .05  c o n f i d e n c e  l e v e l  on a o n e - t a i l  t e s t .  
For  sodium th e  Mann-Whi tney  U t e s t  does i n d i c a t e  th e  p o s s i b l e  e x i s t e n c e  
o f  s i g n i f i c a n t  d i f f e r e n c e s .  Because o f  t h i s  t r e n d  t o  d e c rease  sod ium, 
i n c r e a s i n g  th e  s i z e  o f  t h e  sample m ig h t  show s t a t i s t i c a l l y  s i g n i f i c a n t  
d e c re a se s  in  th e  c o n c e n t r a t i o n  o f  sodium in  t h e  hemolymph o v e r  th e  
t im e  p e r i o d s  o f  t h e  t r e a t m e n t .
The c o n c e n t r a t i o n s  o f  p o ta s s iu m  in  th e  hemolymph o f  Rock 
Creek i n s e c t s  d i d  n o t  change s i g n i f i c a n t l y  in  e i t h e r  o f  th e  two t im e  
p e r i o d s  (T a b le  1 ) .  From A p r i l  4 t o  A p r i l  22 th e  mean dec reased  f rom  
8 .4 4  mEq/1 t o  8.21 mEq/1 ( t  = 0 . 5 2 8 ) ,  and i t  c o n t i n u e d  t o  d e c rea se  
f ro m  8.21 mEq/1 t o  8 .0 5  mEq/1 in  th e  second t im e  p e r io d  ( t  = 0 . 2 6 2 ) .
The Mann-W h i tney  U t e s t s  were c o n g ru e n t  f o r  changes in  p o ta s s iu m .
25
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TABLE ] .  S u c c e s s i v e  Rock C reek  w a t e r  spec im en  c o n d i t i o n  t e s t s
S i g n i f i c a n c e  l e v e l  and degree  o f  v e r i f i c a t i o n
T T e s t Mann W h i tney  U T e s t
A p r i l  4 
Mean
A p r i l  22
i/a 1 ues
t  C . L . * U_ C .L . Norma 1 
p ro b a ­
b i l i t y
In hemo- 
1 ymph
2 .153 .05Na 114.8 110.3 1.697 11 .05
K 8 .4 4 8.21 0 .528 17.5 - 1.523 -
mOsm 2 8 0 .9 290.1 0.221 23 0 .893
In U r in e
Na 1.3 1.6 0 .733 15 .05 1.733 .05
K 10.5 0 .3 4 17.554 .001 0 .001 3 .308 .001
mOsm 59.9
A p r i l  22
16.5
May 2
6 .3 1 0  .001 0 .001 3 .3 0 8 .001
1 n hemo­
lymph
Na 110.3 106.3 1.616 13 .05 1.943 .05
K 8.21 8 .0 5 0 .2 6 2 16
- 1.678
mOsm 290.1 2 7 3 .4 1.507 18.5 1.363
In U r in e  
Na 1.6 1.3 0 .7 5 4 13 .05 1.963 .05
|< 0 .34 0 . 2 8 0 .5 2 4 19
— 1 .313
mOsm 16.5 16 .8 0 .152 21
1.208
^ C o n f id e n c e  Leve l
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Data o f  F i g u r e  1, p r e v i o u s l y  c i t e d ,  i n d i c a t e  t h a t  t h e  i n i t i a l  
c o n c e n t r a t i o n s  o f  b o th  sodium and p o ta s s iu m  in  th e  hemolymph ( A p r i l  4) 
a r e  w i t h i n  th e  ranges f o r  E x o te ro g a te s  as shown by A o f  F ig u re  1.
The mean c o n c e n t r a t i o n  o f  mOsm in th e  hemolymph o f  Rock Creek
i n s e c t s  (T a b le  1) u nde rw en t  no s i g n i f i c a n t  change between A p r i l  4 and 
A p r i l  22 ( 2 8 0 . 9  mEq/1 to  290.1 mEq/1 ; t  = 0 . 2 2 1 ) .  The o s m o l a l i t y  
then  d ropped  a p p r e c i a b l y  b u t  n o t  s i g n i f i c a n t l y  between A p r i l  28 and 
May 2 (290.1  mEq/1 t o  273-4  mEq/1 ; t  = 1 .5 0 7 ) .
Changes in  the  U r in e
Mean sodium c o n c e n t r a t i o n s  in t h e  u r i n e  o f  Rock Creek i n s e c t s  
(T a b le  1) d i d  n o t  undergo  any s i g n i f i c a n t  changes in  e i t h e r  p e r io d
(1 .3  mEq/1 t o  1 .6  mEq/1 and 1 .6  mEq/1 t o  1 ,3  m Eq/1 ) .  The U t e s t  c a s t s
some d o u b t  on t h i s  l a c k  o f  s i g n i f i c a n c e .  However, i f  t h e  t e s t s  were  
t o  be made between A p r i l  4 and May 2 ,  th e  e q u a l i t y  o f  th e  measured 
means wou ld  show no s i g n i f i c a n t  change f o r  t h e  t o t a l  p e r io d  o f  t im e .
The average  c o n c e n t r a t i o n  o f  p o ta s s iu m  in  th e  u r i n e  dropped 
r a d i c a l l y  between A p r i l  4 and A p r i l  22 (1 0 .5  mEq/1 t o  .034 mEq/1 ;
t  = 17. 554) .  The c o n c e n t r a t i o n  c o n t i n u e d  t o  d ro p  (0 .3 4  mEq/1 t o  0 .2 8
mEq/1) between A p r i l  22 and May 4 b u t  n o t  s i g n i f i c a n t l y  so (T a b le  1 ) .
The l a r g e  d e c re a s e  in  th e  mean c o n c e n t r a t i o n  o f  p o ta ss iu m
in  th e  u r i n e  in  th e  f i r s t  p e r i o d  may be a s s o c ia t e d  w i t h  th e  d i e t  o f  
t h e  a n im a l .  S in ce  P t e r o n a r c y  nymphs p r o b a b l y  fe e d  on a lg a e  and 
v e g e t a b l e  d e t r i t u s  (Pennak, 1953) w h ich  a re  h ig h  in  p o ta s s iu m ,  th e  
i n i t i a l  measurements o f  t h e i r  u r i n e  wou ld  r e f l e c t  t h i s  h ig h  p o ta s s iu m  
l o a d .  In c o u n t e r  d i s t i n c t i o n ,  t h e  low v a lu e  o f  p o ta ss iu m  on A p r i l  22 
s u g g e s ts  t h a t  t h e  o rg a n ism  had c o m p l e t e l y  a s s i m i l a t e d  any r e s id u e s
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o f  fo o d  and had passed t o  a s t a r v a t i o n  base r a t e  o f  change.
The mean o s m o l a l i t y  o f  th e  u r i n e  f e l l  m a rk e d ly  and 
s i g n i f i c a n t l y  ( P < 0 . 0 0 1 )  in  t h e  p e r io d  f rom  A p r i l  4 t o  A p r i l  22 
( 5 9 -9  mOsm to  16 .5  mOsm). The mean remained e s s e n t i a l l y  t h e  same 
in  th e  second t im e  p e r io d  (1 6 .5  mOsm t o  16.8  mOsm) (T a b le  1 ) .
DEMINERALIZED WATER ANIMAL TREATMENT
Changes in th e  Hemolymph
The mean c o n c e n t r a t i o n  o f  mOsm (T a b le  2) in  t h e  hemolymph o f  
nymphs in  d e m in e r a l i z e d  w a t e r  dropped s i g n i f i c a n t l y  ( P < 0 . 0 0 1 )  in  bo th  
t im e  p e r i o d s  (2 8 0 .9  mOsm t o  2 4 6 .6  mOsm to  2 2 1 .0  mOsm). From A p r i l  4 
t o  A p r i l  22 th e  mean c o n c e n t r a t i o n  o f  sodium in  th e  hemolymph decreased  
2 5 .8  mEq/1 and th e  mean c o n c e n t r a t i o n  o f  p o ta ss iu m  in  t h e  hemolymph 
d e c rea se d  0 .63  mEq/1. Assuming t h a t  f o r  each c a t i o n  l o s t  one a n io n  
f o l l o w e d ,  a p p r o x i m a t e l y  5 2 .8  mEq/1 o f  ions were l o s t  f rom  th e  
hemolymph. F u r th e rm o re ,  t h e  a d d i t i o n a l  a ssum pt ion  i s  made t h a t  th e  
m a j o r i t y  o f  th e  a n io n s  a re  m o n o v a le n t .  C h l o r i d e  wou ld  c o n s t i t u t e  a 
l a r g e  p a r t  o f  t h e  a n io n s .  Phosphates a re  found in  t h e  hemolymph o n l y  
in  sm a l l  amounts and c a rb o n a te  l i k e l y  e x i s t s  as b i c a r b o n a t e .  S u l f a t e s  
have n o t  been found  in  i n s e c t  hemolymph. A t  a c o n c e n t r a t i o n  o f  52 .8  
mOsm th e  i s o t o n i c  c o e f f i c i e n t  i s  1 .89 .  5 2 .8  mM/1 o f  m onova len t  ions
wou ld  then  p roduce  an o s m o t i c  p r e s s u r e  o f  4 8 .8  mOsm.
Changes in  th e  U r in e
Mean sod ium, p o ta s s iu m ,  and mOsm c o n c e n t r a t i o n s  in  t h e  u r i n e  
o f  a n im a ls  k e p t  in  d e m in e r a l i z e d  w a te r  underw ent  s i g n i f i c a n t  changes 
f ro m  A p r i l  4 t o  A p r i l  22 (T a b le  2 ) .  In c o n t r a s t ,  sodium and mOsm
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TABLE 2 .  S u c c e s s i v e  d e r n î n e r a 1 î zed w a t e r  spec imen
c o n d i t i o n  t e s t s .
S i g n i f i c a n c e  l e v e l  and degree  o f  v e r i f i c a t i o n
T T e s t
A p r i l  4 Ap r i l  2 2 ^
Mean V a lues
In hemo­
lymph
Na 114.8
K 8 .4 4
mOsm 2 80 . 9
In U r i n e
8 9 . 0  7.671
7.81 1.328
2 4 6 .6  9 .1 86
.001
.001
Na 1.3 4 .0 3 .2 15 .01 0 .001 3 .308 .001
K 10.5 0.71 16.249 .001 0 .001 3.308 .001
mOsm 5 9 .9 3 2 . 0 3 .813 .001 0 .001 3 .308 .001
A p r i l  22 May 2
In hemo­
lymph
Na 8 9 . 0
K 7.81
mOsm 246 .6
In U r in e  
Na 4 .0
K 0.71
mOsm 3 2 . 0
Mann W h i tn e y  U T e s t
C .L . Norma 1 
p ro b a -  
b i l l t y
0 .001 3 .3 08 .001
0 .01 2 .258 .05
0 .001 3 .308 .001
7 4 . 8 3 .516 .001 0 .001 3.308 .001
6 .05 4 .9 45 .001 0 .5 .001 3 .250 .001
22 1 .0 3 . 9 09 ,001 0 .001 3 .308 .001
4.1 0 . 0 99 20 1.208
2 .1 6 2 .9 4 8 .01 0 .001 3 .308 .001
3 5 . 4 0 .956 16.5 1.575
^ C o n f id e n c e  Level
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c o n c e n t r a t i o n s  d i d  n o t  s i g n i f i c a n t l y  change in  t h e  p e r i o d  f ro m  
A p r i l  22 t o  May 2. The in c r e a s e  o f  2 . 7  mEq/1 o f  sodium d u r i n g  th e  
i n i t i a l  t im e  p e r i o d  was s i g n i f i c a n t  ( P < 0 . 0 1 ) .  The o u t p u t  o f  u r i n e  
sod ium s t a b i l i z e d  between A p r i l  22 and May 2 ( 4 .0  mEq/1 to  4.1 mEq/1) .
The d e c rea se  in  mean p o ta s s iu m  in  th e  u r i n e  o f  a n im a ls  ke p t  
in  d e m i n e r a l i z e d  w a t e r  d u r i n g  t h e  i n i t i a l  p e r i o d  was r a d i c a l  (1 0 .5  
mEq/1 t o  0.71 mEq/1 ; t  = 1 6 .2 4 $ ) .  T h i s  s e v e re  d ro p  may be l a r g e l y  
a t t r i b u t e d  t o  a change in  n u t r i t i o n a l  s t a t u s  as a l r e a d y  s t a t e d  f o r  
s i m i l a r  changes in  u r i n e  o f  Rock Creek a n im a l s .
U r in e  o s m o l a l i t y  o f  d e m in e r a l i z e d  nymphs (T a b le  2) decreased
s i g n i f i c a n t l y  ( 5 9 .9  mOsm t o  3 2 .0  mOsm) f ro m  A p r i l  4 t o  A p r i l  22 
( P < 0 . 0 0 1 ) .  The o s m o l a l i t y  rose  s l i g h t l y  (3 2 .0  mOsm t o  3 5 .4  mOsm) 
b u t  n o t  s i g n i f i c a n t l y  in  th e  second t im e  p e r i o d .
ROCK CREEK AND DEMINERALIZED WATER TREATMENTS
Data o f  T a b le  3 i n d i c a t e  th e  p resence  o f  s i g n i f i c a n t  
d i f f e r e n c e s  in  com p ara b le  v a r i a b l e s  between th e  two t r e a tm e n ts  in  a l l  
cases on b o th  A p r i l  22 and May 2 . D u r in g  th e  i n t e r v a l  o f  A p r i l  4 t o  
A p r i l  22 p o ta s s iu m  c o n c e n t r a t i o n s  in  hemolymph and u r i n e  d i d  n o t  show 
s i g n i f i c a n t  changes u s in g  th e  t - t e s t .  However, th e  Mann-Whi tney U 
t e s t  i n d i c a t e d  t h a t  th e  c o n c e n t r a t i o n  o f  p o ta s s iu m  in  th e  u r i n e  o f  
d e m i n e r a l i z e d  a n im a ls  was s i g n i f i c a n t l y  h i g h e r  than  in  Rock Creek 
a n im a ls .
Changes in  th e  Hemolymph
By A p r i l  22 the- c o n c e n t r a t i o n  o f  sodium in  th e  hemolymph o f  
Rock Creek a n im a ls  (T a b le  3) was s i g n i f i c a n t l y  h i g h e r  than  t h a t  in  th e
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TABLE 3-  Rock C r e e k / d e m î n e r a 1 i zed spec imen  c o n d i t i o n  t e s t s
S i g n i f i c a n c e le v e l and degree  o f  v e r i f i c a t i o n
T T e s t Mann W h i tney  U Tes t
Demi n . Rock Cr . t C . L . * U_ C.L. Norma 1
A p r i l  22
Mean Va lues
p ro b a -  
b i 1 I t y
1n hemo- 
1 ymph
3 .308Na 8 9 . 0 110.3 8 . 2 70 .001 0 .001 .001
K 7.81 8.21 0 .7 54 - 18. 5 - 1.363
mOsm 2 4 6 .6 280.1 9 .1 99 .001 0 .001 3 .308 .001
In U r i n e
3.308Na 4 .0 1.6 2 . 9 1 9 .01 0 .001 .001
K 0.71 0 .3 4 1.716 - 0 .01 2.363 .001
mOsm 3 2 . 0 16.5 5 .2 4 0 .001 0 .001 3.308 .001
May 2 
1n hemo­
lymph
Na 7 4 . 8 106.3 7 . 92 4 .001 0 .001 3 . 30 8 .001
K 6 .0 5 8 .0 5 3 .1 4 5 .01 0 .001 3.308 .001
mOsm 22 1 .0 2 2 3 . 4 7 . 4 56 .001 0 .001 3.308 .001
In U r i n e  
Na 4.1 1.3 3 . 9 6 9 .001 0 .001 3 .308 .001
K 2 .1 6 0 . 2 8 4 .1 1 8 .001 0 .001 3 .3 08 .001
mOsm 3 5 .4 16.8 6 . 6 56 .001 0 .001 3 .3 08 .001
^ C o n f id e n c e  Leve l
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hemolymph o f  a n im a ls  In d e m in e r a l i z e d  w a t e r  ( P < 0 . 0 0 1 ) .  T h is  
d i f f e r e n c e  in  means c o n t i n u e d  t o  a c c e n t u a t e  by May 2 (74 .8  mEq/1 t o
106.3  mEq/1) .  Though the  v a r i a b l e  in  b o th  t r e a t m e n t s  d e c re a se d ,  P 
s t i l l  remained b e lo w  0 .0 0 1 .
Data on T a b le  3 i n d i c a t e  no s i g n i f i c a n t  d i f f e r e n c e s  in 
p o ta s s iu m  c o n c e n t r a t i o n s  in  t h e  hemolymph in  t h e  two t r e a t m e n t s  had 
o c c u r r e d  by A p r i l  22 .  However,  by May 2 t h e  p o ta s s iu m  c o n c e n t r a t i o n  
l e v e l  o f  th e  hemolymph o f  a n im a ls  in  d e m in e r a l i z e d  w a te r  o f  6 .0 5  mEq/1 
was s i g n i f i c a n t l y  lo w e r  than  th e  com parab le  l e v e l  o f  8 .0 5  mEq/1 in  
Rock C reek  a n im a ls  ( P < 0 . 0 1 ) .  F i g u r e  5 i l l u s t r a t e s  g r a p h i c a l l y  th e  
r e l a t i v e  m a g n i tu d e  o f  th e  changes in  sodium and p o ta s s iu m  c o n c e n t r a t i o n s  
d u r i n g  t h e  two t im e  p e r i o d s .  F i g u r e  6 conveys  th e  m agn i tude  o f  th e  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  t h a t  o c c u r r e d .
The o s m o l a l i t y  o f  th e  hemolymph o f  Rock Creek a n im a ls  
was s i g n i f i c a n t l y  h i g h e r  than  t h a t  o f  i n s e c t s  o f  d e m in e r a l i z e d  w a te r  
on b o th  A p r i l  22 and May 2 ( P < 0.001 f o r  e a c h ) .  The d a ta  o f  Tab le  3 
and th e  r e p r e s e n t a t i o n s  in  F ig u re s  5 and 6 i n d i c a t e  th e  m a jo r  p o r t i o n  
o f  t h i s  change had o c c u r re d  by A p r i l  22.
Changes in  th e  U r in e
On A p r i l  22 s i g n i f i c a n t  changes o c c u r re d  in  th e  sodium 
c o n c e n t r a t i o n  l e v e l s .  The l e v e l  found  in  a n im a ls  f ro m  the  d e m in e r a l ­
ized  w a t e r  was 4 .0  mEq/1 as c o n t r a s t e d  w i t h  a l e v e l  o f  1 .6  mEq/1 in  
a n im a ls  f r o m  Rock Creek w a t e r  ( P < 0 . 0 1 ) . '  T h i s  d i f f e r e n c e  was l a r g e l y  
a phenomenon o f  t h e  f i r s t  p e r i o d  as i n d i c a t e d  by th e  d a ta  o f  T a b le  3 
and th e  l i n e  movements o f  F i g u r e  7. On May 2 ,  b o th  g roups  had 
s t a b i l i z e d  th e  c o n c e n t r a t i o n  o f  sodium in  t h e i r  hemolymph. However,
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Rock Creek a n im a ls  c o n t i n u e d  t o  c o n c e n t r a t e  u r i n e  sodium s i g n i f i c a n t l y  
( P < 0 . 0 0 1 )  more than  d i d  a n im a ls  m a in t a i n e d  in  d e m in e r a l i z e d  w a te r  
(T a b le  3 ) .
The c o n c e n t r a t i o n  o f  p o ta s s iu m  In th e  u r i n e  o f  bo th  groups 
d i d  n o t  d i f f e r  s i g n i f i c a n t l y  on A p r i l  22 (T a b le  3 ) .  On May 2, however, 
a n im a ls  m a in t a i n e d  In  d e m in e r a l i z e d  w a t e r  c o n c e n t r a t e d  u r i n e  p o ta ss iu m  
a t  a s i g n i f i c a n t l y  h i g h e r  l e v e l  ( P < . 0 0 1 )  than  d i d  Rock Creek a n im a ls  
(T a b le  3 ) .
The s i g n i f i c a n t  d i f f e r e n c e s  between th e  c o n c e n t r a t i o n  o f  
mOsm o f  a n im a ls  f r o m  d e m in e r a l I z e d  w a t e r  and th e  c o n c e n t r a t i o n s  o f  
mOsm o f  a n im a ls  f r o m  Rock Creek w a t e r  had been e s t a b l i s h e d  by A p r i l  22. 
By t h i s  d a te  th e  mOsm c o n c e n t r a t i o n  o f  3 2 .0  mOsm In In s e c t s  f rom  
d e m in e r a l I z e d  w a t e r  was a p p r o x i m a t e l y  d o u b le  th e  c o n c e n t r a t i o n  In 
Rock Creek w a t e r  I n s e c t s  (1 6 .5  mOsm). These s i g n i f i c a n t  d i f f e r e n c e s  
remained r e l a t i v e l y  c o n s t a n t  f o r  t h e  p e r i o d  o f  A p r i l  22 t o  May 2 
(See F ig u re s  8 and 9 ) .
THE ISSUE OF WEIGHTS
The base d a ta  f o r  t h e  n in e  s u c c e s s iv e  w e ig h in g s  o f  s i x  
a n im a ls  f ro m  d e m in e r a l I z e d  w a t e r  and s i x  a n im a ls  f rom  Rock Creek w a te r  
a r e  g i v e n  In  T a b le  4. F i g u r e  10 p r e s e n ts  a l i n e  sequence o f  th e  
s u c c e s s i v e  w e i g h in g s .  The v i s u a l  r e p r e s e n t a t i o n  g i v e s  th e  Im p re ss io n  
t h a t  f ro m  th e  t h i r d  w e ig h in g  t o  t e r m i n a t i o n  d e f i n i t e  d i f f e r e n c e s  In 
w e i g h t  o c c u r r e d .  Rock Creek I n s e c t s  m a in t a i n e d  a r e l a t i v e l y  c o n s t a n t  
mean w e i g h t  w h i l e  d o m i n e r a i Ized i n s e c t s  g r a d u a l l y  l o s t  a p p r o x i m a t e l y  
f i v e  p e r  c e n t  o f  t h e  I n i t i a l  mean w e i g h t .
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The c h i - s q u a r e  t e s t  e s t a b l i s h e d  s t a t i s t i c a l  s i g n i f i c a n c e  f o r  
t h e  w e i g h t  change in  d e m in e r a l i z e d  w a t e r  i n s e c t s .
D e m in e r a l i z e d  Water  I n s e c t s  
(W e igh t  g a in s  o r  l o s s e s )
Gains Losses
Observed f r e q u e n c y  l6  32
Expected  f r e q u e n c y  24 24
= 5 .3 4  d f  = 1 P = .02
Rock Creek Water  I n s e c ts  
(We igh t  g a in s  o r  lo s s e s )
Gains Losses
Observed f r e q u e n c y  25 23
Expected  f r e q u e n c y  24 24
= 0 .0 3 d f  = 1 P -  .75
The Mann-Whi tney U t e s t  was a p p l i e d  t o  the  r a n k in g s  o f  pe r  c e n t  
o f  change in  w e i g h t  o f  i n d i v i d u a l  a n im a ls  o v e r  th e  t o t a l  t im e  p e r i o d .  
The r e s u l t s :
N] = N2 = 6, U = 3 ,  P = .01 when U ^  3
I t  can be assumed t h a t  by A p r i l  22 a l l  nymphs were p o s t  
a b s o r p t i v e  and t h a t  t h e  g u t  no l o n g e r  p r o v id e d  a sou rce  o f  i o n s .  From 
t h a t  d a te  t o  May 2 th e  Rock Creek a n im a ls  averaged  an i n c re a s e  o f  
0 .0 0 7 3  grams in  body w e ig h t  (1 ,2 0 98  t o  1.2171 g ) • The mean w e ig h t s  o f  
d e m i n e r a l i z e d  nymphs d u r i n g  t h a t  t im e  p e r i o d  changed f ro m  1.1443 t o
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
42
1.1291 g g i v i n g  a n e t  d ro p  o f  0 .0 8 5 2  g . S in ce  w a te r  f l u x  c o u ld  be 
e x p e c te d  t o  e f f e c t  by f a r  any change in  w e i g h t ,  i t  can be assumed then 
t h a t  b o th  g roups  a re  e f f e c t i v e l y  r e m a in in g  in w a t e r  b a la n c e .
F u r th e rm o r e  b o th  g roups  a r e  vo lume r e g u l a t i n g  r a t h e r  than volume 
c o n fo r m in g  (P ro s s e r  and Brown, 1981) .  T h i s  r e g u l a t i o n  o f  vo lume and 
o f  w a t e r  b a la n c e  seems n o t  t o  r e s u l t  a p p r e c i a b l y  f rom  a back p re s s u r e  
o f  t h e  e x o s k e l e t o n  s i n c e  s w e l l i n g  o f  th e  an im a l  was n o t  o b se rve d .  
F u r th e rm o r e  i t  can be assumed t h a t  b e f o r e  s u f f i c i e n t  back p re s s u re  
d e ve lo p ed  an a p p r e c i a b l e  in c r e a s e  in  w e ig h t  wou ld  come a b o u t .
T h e r e f o r e  b o th  g roups  a r e  p r o b a b l y  m a i n t a i n i n g  th e  volume o f  w a te r  
in  t h e i r  b o d ie s  r a t h e r  c o n s t a n t  by movement o f  ions ( i . e . ,  i o n i c  
r e g u l a t i o n ) .
RATE OF URINE FLOW
The r a t e  o f  u r i n e  f l o w  was v i s u a l l y  e s t im a te d  on each c o l l e c t i o n  
d a t e .  A p p r o x i m a t e l y  e i g h t  hours  were r e q u i r e d  t o  c o l l e c t  the  u r i n e  
f ro m  a l l  o f  th e  a n im a ls  on A p r i l  4 .  The u r i n e  t h e r e f o r e  f lo w e d  a t  
0 .1 5  me/24 h r s .  U r in e  f l o w  f ro m  b o th  g roups  dropped abou t  one t h i r d  
on b o th  A p r i l  22 and May 2 t o  a r a t e  o f  0 .0 5  me/24 h r s .  A p r i l  4 
a n im a ls  j u s t  removed f ro m  th e  s t re a m  had p r o b a b l y  ea ten  and t h i s  c o u ld  
e x p l a i n  t h e  r e l a t i v e l y  h ig h  u r i n e  f l o w  on t h a t  d a te .  Two so u rces  o f  
w a t e r  m ig h t  be p r e s e n t  a f t e r  e a t i n g .  One s o u rce  wou ld  come f rom  th e  
w a t e r  im b ibed  w h i l e  e a t i n g  and th e  o t h e r  f ro m  th e  food  i t s e l f .
A n o th e r  reason  f o r  t h e  in c re a s e d  u r i n e  f l o w  m ig h t  be th e  c a t a b o l i s m  
o f  p r o t e i n s .  In th e  p ro cess  o f  a s s i m i l a t i n g  food  c o n s id e r a b l e  q u a n t i t i e s  
o f  w a t e r  w ou ld  be r e q u i r e d  t o  e x c r e t e  th e  ammonium ions (Ramsay, 1955) .
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CHAPTER IV
DISCUSSION
ANIMALS MAINTAINED IN ROCK CREEK WATER
A n im a ls  m a in t a i n e d  in  Rock Creek w a t e r  showed l i t t l e  change 
in  body w e ig h t  t h r o u g h o u t  t h e  e n t i r e  e x p e r im e n t .  T h i s  i m p l i e s  t h a t  
t h e y  have k e p t  t h e  vo lume o f  w a t e r  r a t h e r  c o n s t a n t  and th e y  d id  so 
by r e g u l a t i n g  i o n i c  c o m p o s i t i o n  (T a b le  1 ) .  From A p r i l  4 t o  A p r i l  22 
th e y  d i d  n o t  l o se  s i g n i f i c a n t l y  p o ta s s iu m ,  sod ium, o r  m i l l i o s m o l e s  
f r o m  t h e i r  hemolymph and th e  dec rea se  o f  p o ta ss iu m  and o s m o l a l i t y  o f  
t h e  u r i n e  d u r i n g  t h i s  p e r i o d  can be e x p la i n e d  on th e  b a s is  t h a t  t h e y  
were e n t e r i n g  a p o s t  a b s o r p t i v e  s t a t e .
From A p r i l  22 t o  May 2 i t  can be assumed s i n c e  th e y  s t i l l  
m a in t a i n e d  w e ig h t  t h a t  w a t e r  vo lume was s t i l l  be ing  r e g u la t e d  (Tab le  
3 ) .  F u r t h e r m o r e ,  a l l  p a ra m e te rs  in  b o th  hemolymph and u r i n e  d id  no t  
change s i g n i f i c a n t l y  d u r i n g  t h i s  p e r i o d  o f  f a s t i n g .  S ince  a n im a ls  
m a in t a i n e d  in d e m in e r a l i z e d  w a te r  l o s t  I o n s ,  I t  i s  o f  i n t e r e s t  t o  
a n a l y z e  th e  d a ta  f u r t h e r  in o r d e r  t o  d e te r m in e  why th e  a n im a ls  
r e g u l a t e d  so w e l l  In Rock Creek w a t e r  w h ich  possesses an o s m o l a l i t y  
o f  4 mOsm/1, a c o n c e n t r a t i o n  o f  sodium o f  1.1 mEq/1 and a p o ta ss iu m  
c o n c e n t r a t i o n  o f  0 .3  mEq/1. Th ro u g h o u t  t h i s  paper  sodium, p o ta s s iu m ,  
and o s m o l a l i t y  have been e xp ressed  as v a lu e s  o f  c o n c e n t r a t i o n .  I t
43
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i s  w o r t h w h i l e  t o  e x p re s s  th e s e  in  a b s o l u t e  v a lu e s .  I f  we assume t h a t  
th e s e  nymphs ave raged  a b o u t  1.1 grams,  we can assume f o r  p r a c t i c a l i t y  
t h a t  t h e  hemolymph ave rag e s  a b o u t  0 .8  m l .  D u r in g  th e  p o s t a b s o r p t i v e  
s t a t e  ( A p r i l  22 t o  May 2 ) ,  th e  a n im a ls  u r i n a t e d  0 .0 5  ml o f  u r i n e  
each day f o r  t h e  te n  days f o r  a g rand t o t a l  o f  0 .5  ml o f  u r i n e .  S ince  
t h e y  remained In w a t e r  b a la n c e ,  0 .5  ml o f  w a t e r  must have e n te r e d  
t h e i r  b o d ie s .
The hemolymph ave raged  88 vCcEq o f  sodium on A p r i l  22 and 
8 4 .8  Eq on May 2 ( F ig u r e  1 1 ) .  The lo s s  o f  sodium t h e r e f o r e  equa led  
o n l y  Eq. D u r in g  th e  ten  day p e r i o d  th e y  u r i n a t e d  0 .73>< Eq o f
sodium l e a v i n g  2 . 5 y /  Eq unaccoun ted  f o r .  Perhaps an a p p r e c i a b l e  
amount o f  sodium e n t e r e d  th e  i n t r a c e l l u l a r  f l u i d  bu t  more l i k e l y  i t  
was l o s t  in t h e  w a t e r .  N e v e r t h e l e s s ,  t h i s  l o s s  accoun ted  f o r  o n l y  
a b o u t  t h r e e  p e r  c e n t  o f  t h e  t o t a l  sodium in  th e  hemolymph.
The p o ta s s iu m  in  th e  hemolymph f e l l  f rom  a c a l c u l a t e d  v a lu e  
o f  6 . 6 ^  Eq t o  6 .4 y t {  Eq d u r i n g  th e  te n  days .  S in ce  abou t  0 . 2 _ ^ E q  
o f  p o ta s s iu m  appeared  in t h e  u r i n e ,  t h e  hemolymph remained in  p o ta ss iu m  
b a la n c e .
The hemolymph on A p r i l  22 c o n t a in e d  2 3 2 ^ ^  Osm and t h i s  v a lu e  
f e l l  l4^x<0sm t o  2 1 8 ^ ^  Osm. Seven o f  t h e s e ^  Osm can be accoun ted  
f o r  as l o s s  o f  t h e  above c a t i o n s  and t h e i r  r e s p e c t i v e  a n io n s  b u t  i t  
w ou ld  be pu re  s p e c u l a t i o n  t o  a c c o u n t  f o r  th e  re m a in in g  seven.
I t  i s  c l e a r  t h a t  P te r o n a r c y s  nymphs can f a s t  f o r  ex tended  
p e r i o d s  o f  t i m e .  ind e e d ,  50 pe r  c e n t  o f  th e  i n s e c t s  m a in ta in e d  in  
Rock Creek w a t e r  b u t  n o t  used in  t h e  e x p e r im e n t  emerged by May 13- 
T h i s  c e r t a i n l y  su g g e s ts  t h a t  t h e  a n im a ls  were in  good h e a l t h  s i n c e
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F ig u re  11. Net exchange o f  w a te r  and o f  Ions In hemolymph and u r in e  o f  an ima ls  t r e a te d  w i t h  
Rock Creek w a te r  A p r i l  22 to  May 2.
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such m e ta m o rph o s is  r e q u i r e s  c o n s i d e r a b l e  en e rg y  and v i g o r .  
F u r t h e r m o r e ,  a b r i e f  e x a m in a t i o n  o f  th e s e  emerged a d u l t s  re v e a le d  
t h e  p re sen ce  o f  numerous f a t  b o d ie s  and many s e e m in g ly  deve loped  
e g gs .  Q u a n t i t a t i v e  d a ta  a re  l a c k i n g .  On th e  o t h e r  hand, no nymphs 
m a in t a i n e d  in  d e m in e r a l i z e d  w a t e r  emerged. E n e r g e t i c  r e l a t i o n  
between nymphs m a in t a i n e d  in  Rock Creek w a t e r  and d e m in e r a l i z e d  
w a t e r  w i l l  be t r e a t e d  l a t e r  in  t h i s  d i s c u s s i o n .
ANIMALS MAINTAINED IN DEMINERALIZED WATER
T h ro u g h o u t  t h e  e x p e r im e n t  a n im a ls  m a in t a in e d  t h e i r  w e ig h t  
a p p r e c i a b l y .  A l t h o u g h  th e y  tended t o  l o s e  some w e ig h t  on th e  a v e ra g e ,  
in  te rm s  o f  w a te r  b a la n c e  t h i s  sh o u ld  n o t  be c o n s id e r e d  a p p r e c i a b l e  
enough t o  a l t e r  t o t a l  hemolymph vo lum e.  A l th o u g h  th e y  r e g u la te d  
w a t e r  vo lume s u c c e s s f u l l y ,  t h e y  d i d  n o t  m a in t a i n  i o n i c  c o m p o s i t i o n  
as d i d  a n im a ls  m a in t a i n e d  in  Rock Creek w a t e r .
Assuming t h e i r  hemolymph vo lume t o  a l s o  be abou t  0 .8  m l ,  
t h e y  l o s t  f rom  t h i s  hemolymph o v e r  t h e  p e r i o d  f ro m  A p r i l  4 t o  A p r i l  22 
a t o t a l  o f  a b ou t  4 2 of  c a t i o n s  and a n io n s .  However, o n l y  27 
Osm was l o s t  f r o m  th e  hemolymph l e a v i n g  a b ou t  1 Osm unaccounted 
f o r .  S p é c u l â t i v e l y  t h e  a n im a ls  may be com pensa t ing  f o r  th e  d i l u t i o n  
o f  body f l u i d s ,  t h e  inward  f l o o d i n g  w i t h  w a t e r  by b re a k in g  down 
b lo o d  p r o t e i n  i n t o  amino a c id s  and t h e r e b y  In c r e a s in g  o s m o l a l i t y .
Shaw (1955a) has sugges ted  t h a t  o r g a n i c  s u b s ta n ces  ( i . e . ,  amino 
a c i d s )  may be i n t r o d u c e d  i n t o  t h e  b lo o d  o f  a q u a t i c  i n s e c t s  s i m i l a r l y  
s t r e s s e d  t o  o f f s e t  t h e  l o s s  o f  i n o r g a n i c  i o n s .  I n c r e a s in g  hemolymph 
c o n c e n t r a t i o n  by t h i s  m ethod,  however ,  s i m u l t a n e o u s l y  in c re a s e s  th e
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o s m o t i c  g r a d i e n t  and t h e r e b y  augments h y d r a t i o n .  From the  a n a l y s i s  
i t  a p pe a rs  t h a t  d u r i n g  t h e  l a s t  ten  days th e  a n im a ls  d id  n o t  a t t e m p t  
t o  m a i n t a i n  a r e l a t i v e l y  h ig h  o s m o l a l i t y  a t  th e  expense o f  i n c r e a s in g  
hemolymph vo lume b u t  r a t h e r  t h e y  e x c r e te d  r e l a t i v e l y  more sodium and 
p o ta s s iu m  than  d i d  Rock Creek a n im a ls  in o r d e r  t o  r e g u l a t e  vo lume.
T h i s  can be shown as f o l l o w s .  From A p r i l  22 t o  May 2, a n im a ls  
m a in t a i n e d  in  d e m i n e r a l i z e d  w a t e r  v o id e d  abou t  0 .5  ml o f  u r i n e .  In 
t h i s  u r i n e  t h e y  l o s t  two yx  Eq o f  sodium whereas Rock Creek a n im a ls  
l o s t  o n l y  0 . 7 y ^  Eq ( F ig u r e  12 ) .  F u r th e r m o r e ,  th e y  l o s t  0 . 9 y t ( E q  o f  
p o ta s s iu m  in  t h e  u r i n e  whereas Rock Creek a n im a ls  l o s t  o n l y  0 . 2 Eq. 
I f  we assume t h a t  th e  r e c t a l  pads a r e  o p e r a t i n g  n o r m a l l y ,  such an 
i n c r e a s e  in  e l i m i n a t i o n  o f  sodium and p o ta ss iu m  would se rve  t o  d i l u t e  
th e  hemolymph and t h e r e b y  keep hemolymph vo lume r e l a t i v e l y  c o n s t a n t .  
However, i t  i s  o b v io u s  t h a t  such a p r a c t i c e  c a n no t  be c o n t in u e d  
i n d e f i n i t e l y  and t h a t  t h e  a n im a ls  a re  l o s i n g  v a l u a b l e  s a l t s  a t  a 
r e l a t i v e l y  h ig h  r a t e .  Sodium in  th e  hemolymph was c a l c u l a t e d  t o  be 
71y% Eq on A p r i l  22 and 11 Eq o f  sodium were l o s t  in  th e  n e x t  te n  
d a ys .  The hemolymph a l s o  s u f f e r e d  a lo s s  o f  1 . Eq o f  p o ta ss iu m  
(6 .3  t o  4 . 8 ^ ^ E q ) .  S in ce  tw o _ ^  Eq o f  sodium and 0 . 9 ^ E q  o f  p o ta ss iu m  
were  l o s t  in  t h e  u r i n e ,  n i n e x E q  o f  sodium and 0 . 6 ^  Eq o f  po ta ss iu m  
a r e  l e f t  unaccoun ted  f o r .  I t  seems re a s o n a b le  t o  assume t h a t  no 
a p p r e c i a b l e  amount may e n t e r  t h e  i n t r a c e l l u l a r  f l u i d  b u t  t h a t  most 
a r e  l o s t  th ro u g h  th e  c u t i c l e .
The hemolymph c o n t a in e d  198 c a l c u l a ted^* (Osm on A p r i l  22
/
and o n l y  177 on May 2 t h e r e b y  s u f f e r i n g  a l o s s  o f  2 1 y ^  Osm. These 
can a l l  be a cco un ted  f o r  s i n c e  a b o u t  12.5_/c Eq o f  c a t i o n s  were l o s t
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F ig u re  12. Net exchange o f  w a te r  and o f  ions in hemolymph and u r in e  o f  an ima ls  t r e a te d  w i t h  
d e m in e ra l i z e d  wate r  from A p r i l  22 to  May 2.
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f r o m  th e  hemolymph. C o n s id e r i n g  th e s e  a n io n s  and th e  a c t i v i t y  between 
ion s  23. 6 ^  Osm in  t h e  fo rm  o f  th e s e  ions  l e f t  t h e  hemolymph. The 
re m a in in g  2 . 6 ^  Osm can be c o n s id e r e d  t o  be w i t h i n  th e  range o f  
e x p e r i m e n t a l  e r r o r  and can be d i s r e g a r d e d .
The mean c o n c e n t r a t i o n  o f  sodium in Rock Creek u r i n e  d i s p la y e d  
a p a t t e r n  w h ich  needs e x p l a n a t i o n .  Sodium in c re a s e d  2 .7  mEq/1 in  the  
u r i n e  d u r i n g  t h e  i n i t i a l  t im e  p e r i o d  (T a b le  i ) .  The o u t p u t  o f  u r i n e  
sod ium s t a b i l i z e d  on A p r i l  22 and May 2 ( 4 .0  mEq/1 t o  4.1  mEq/1 ) .  I t  
a p pe a rs  c o n t r a d i c t a r y  t h a t  t h e  a n im a ls  u r i n a t e d  s i g n i f i c a n t l y  more 
sodium on A p r i l  22 and May 2 than  on th e  s t a r t i n g  d a te  o f  A p r i l  4 
when th e y  p resum ab ly  were f e d .  i t  m ig h t  be expec ted  t h a t  the  
a s s i m i l a t i o n  o f  fo o d  wou ld  r e s u l t  in  an excess  o f  sodium in  th e  u r i n e ,  
b u t  t h e  a p p a r e n t  i n c r e a s e  in  sodium c o n c e n t r a t i o n  In th e  u r i n e  can be 
e x p l a i n e d  s i m p l y  on th e  b a s i s  o f  u r i n e  f l o w .  S ince  u r i n e  f l o w  was 
a p p r o x i m a t e l y  t h r e e  t im e s  g r e a t e r  on A p r i l  4 than on e i t h e r  A p r i l  22 
o r  May 4 ,  th e  a b s o l u t e  amounts o f  sod ium e x c r e te d  on th e  t h r e e  
c o l l e c t i n g  days were a p p r o x i m a t e l y  th e  same.
The o s m o l a l i t y  o f  u r i n e  f ro m  a n im a ls  m a in ta in e d  in  Rock Creek 
w a t e r  compares c l o s e l y  w i t h  t h e  o s m o l a l i t y  o f  u r i n e  f rom  Aedes a egyp t  i . 
Ramsay (1950) fo u n d  Aedes m a in t a in e d  in  d i s t i l l e d  w a te r  e x c r e te d  a 
d i l u t e  u r i n e  w i t h  a mean o f  2 2 .3  mOsm. P te r o n a rc y s  under  s i m i l a r  
e x p e r i m e n t a l  c o n d i t i o n s  produced  a u r i n e  w i t h  a mean v a lu e  o f  16.6 
mOsm. A d i s t i n c t l y  d i f f e r e n t  s i t u a t i o n  o c c u rs  w i t h  S i a l i s  l u t e r i a  
as r e p o r t e d  by Shaw (1 9 5 5 a ) .  S i a l i s  was shown t o  be u n ab le  t o  
t r a n s p o r t  ions  a c t i v e l y  f ro m  th e  medium i n t o  th e  hemolymph. The mean 
v a lu e  f o r  t h e  o s m o l a l i t y  o f  u r i n e  in  S i a l  i s  was 213 mOsm/1. T h is
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v a l u e  i s  188 mOsm h i g h e r  than  t h e  o s m o l a l i t y  o f  u r i n e  p roduced by 
P te r o n a r c y s  m a in t a i n e d  in  Rock Creek w a t e r .  T h e r e fo r e  the  o s m o l a l i t y  
o f  u r i n e  f ro m  nymphs m a in t a i n e d  in  Rock Creek w a t e r  compares w e l l  
w i t h  t h e  o s m o l a l i t y  o f  u r i n e  f ro m  a n o t h e r  a q u a t i c  sp e c ie s  in w h ich  
a c t i v e  t r a n s p o r t  has been shown.
On A p r i l  22 and on May 2 a n im a ls  m a in ta in e d  in  Rock Creek 
w a t e r  p roduced  u r i n e  w i t h  mean v a lu e s  o f  1 .4  mEq/1 o f  sodium and 
0 .3  mEq/1 o f  p o ta s s iu m .  Assuming t h a t  c h l o r i d e  in  th e  u r i n e  would 
have a v a l u e  t w o - t h i r d s  t h a t  o f  sodium ( F ig u r e  1 ) ,  a t o t a l  o f  1 .6  
mEq/1 o f  ions can be taken  i n t o  a c c o u n t .  T h i s  1 .6  mEq/1 r e p re s e n ts  
a p p r o x i m a t e l y  9 p e r  c e n t  o f  t h e  mean o s m o l a l i t y  o f  th e  u r i n e .  I t  is  
p o s s i b l e  t h a t  t h e  o t h e r  91 p e r  c e n t  m ig h t  be due t o  ammonium 
b i c a r b o n a t e .  Comparing th e  same d a ta  f o r  nymphs m a in ta in e d  in 
d e m in e r a l i z e d  w a t e r  o n l y  76 p e r  c e n t  o f  t h e  o s m o l a l i t y  o f  th e  u r i n e  
i s  due t o  ammonium b i c a r b o n a t e .
T h is  s tu d y  on P te r o n a rc y s  d e f i n i t e l y  shows t h a t  t h i s  an imal 
i s  p h y s i o l o g i c a l l y  adap ted  f o r  b e in g  in  f r e s h  w a t e r .  L i k e  Aedes 
(Ramsay, 1950) i t  s e c r e t e s  e x t r e m e ly  d i l u t e  u r i n e .  A l l  th e  da ta  
g a th e re d  and a n a ly z e d  in  t h i s  s t u d y  s u p p o r t  th e  c o n c lu s i o n  t h a t  
P te r o n a r c y s  l i k e  Aedes can t r a n s p o r t  ions  a c t i v e l y  inward f ro m  Rock 
C reek  w a t e r .  I t  i s  y e t  u n c l e a r  what s t r u c t u r e  o r  s t r u c t u r e s  o f  th e  
s t o n e f l y  e n a b le  i t  t o  t r a n s p o r t  ions a c t i v e l y .
Even in  d e m in e r a l i z e d  w a t e r  th e s e  s t o n e f l y  nymphs e s s e n t i a l l y  
m a in t a i n e d  t h e i r  w e ig h t s  f o r  28 days and appeared in good h e a l t h  and 
remained v i g o r o u s .  T h is  seems a re m a rk a b le  pe r fo rm an ce  t o  undergo 
f o u r  weeks o f  c o n s t a n t  l e a c h in g  o f  ions  and f l o o d i n g  o f  w a t e r .
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O b v i o u s l y ,  th e s e  a n im a ls  a r e  p h y s i o l o g i c a l l y  adapted  n o t  o n l y  t o  
w i t h s t a n d  long p e r i o d s  o f  f a s t i n g  b u t  a l s o  t o  e x i s t  in  f r e s h  w a te r  
p o s s e s s in g  lo w e r  I o n i c  c o n c e n t r a t i o n  than  t h a t  o f  Rock Creek.
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SUMMARY
] .  In nymphs t r e a t e d  w i t h  Rock Creek w a t e r ,  th e  c o n c e n t r a t i o n s  
o f  sod ium ,  p o ta s s iu m ,  and o s m o l a l i t y  o f  t h e  hemolymph remained n e a r l y  
c o n s t a n t .  Sodium, p o ta s s iu m ,  and o s m o l a l i t y  d e c l i n e d  r e l a t i v e l y  
s l o w l y  b u t  s i g n i f i c a n t l y  in  t h e  hemolymph o f  nymphs t r e a t e d  w i t h  
d e m i n e r a l i z e d  w a t e r .
2 . A n ion s  and c a t i o n s ,  w i t h  th e  e x c e p t io n  o f  ammonium and 
b i c a r b o n a t e ,  a c c o u n t  f o r  10 p e r  c e n t  o f  t h e  o s m o l a l i t y  o f  t h e  u r i n e  
c o l l e c t e d  f ro m  nymphs m a in t a i n e d  in  Rock Creek w a t e r ,  and f o r  
a p p r o x i m a t e l y  23 p e r  c e n t  o f  t h e  o s m o l a l i t y  o f  t h e  u r i n e  c o l l e c t e d  
f ro m  th o s e  m a in t a in e d  in  d e m in e r a l i z e d  w a t e r .  The re m a in in g  78 to  
90 p e r  c e n t  o f  th e  o s m o l a l i t y  o f  t h e  u r i n e  i s  l i k e l y  due to  ammonium 
and b i c a r b o n a t e  i o n s .  The d a ta  o f  78 t o  90 per  c e n t  a re  s i m i l a r  t o  
v a lu e s  f o r  ammonium b i c a r b o n a t e  as found  by Staddon (1 9 6 3 ) ;  Staddon 
( 1955) ;  and Shaw (1955a) f o r  f r e s h w a t e r  i n s e c t s .
3 . in t h e  hemolymph o f  P te r o n a rc y s  a p p r o x i m a t e l y  75 per  ce n t  
o f  t h e  t o t a l  o s m o t i c  p r e s s u r e  o f  t h e  hemolymph can be a t t r i b u t e d  t o  
i n o r g a n i c  io n s .  T h i s  v a lu e  i s  commensurate w i t h  those  r e p o r t e d  f o r  
E x o p te r y g o t e s .
4. The r e l a t i v e l y  low mean o s m o t i c  p re s s u r e  o f  16.3 mOsm
52
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o f  u r i n e  f r o m  P te r o n a rc y s  t r e a t e d  w i t h  Rock Creek w a te r  averages o n l y  
6 .2  mOsm h i g h e r  th a n  t h a t  found  in  Aedes aegyp t  i (Ramsay, 1950) w h ich  
i s  t h e  lo w e s t  v a lu e  r e p o r t e d  in  t h e  a v a i l a b l e  l i t e r a t u r e .  Both 
s p e c ie s  were  s u b je c t e d  t o  s i m i l a r  e x p e r im e n ta l  c o n d i t i o n s .  A c t i v e  
t r a n s p o r t  o f  c h l o r i d e  was c l e a r l y  d e m on s t ra ted  in  Aedes a e g y p t i  and 
t h i s  s t u d y  s u p p o r t s  t h e  c o n c lu s i o n  t h a t  P te ro n a rc y s  can a l s o  t r a n s p o r t  
io n s  Inward  f ro m  th e  medium.
5 .  S i x  o f  t h e  tw e lv e  re m a in in g  i n s e c t s  t r e a t e d  w i t h  Rock
Creek w a t e r  emerged. E x a m in a t io n  o f  th o se  t h a t  emerged showed
numerous eggs and many f a t  b o d ie s .  None o f  t h e  nymphs t r e a t e d  w i t h  
d e m i n e r a l i z e d  w a t e r  emerged.
6. A n im a ls  t r e a t e d  in  Rock Creek w a te r  m a in ta in e d  a 
r e l a t i v e l y  c o n s t a n t  w e ig h t  w h i l e  a n im a ls  t r e a t e d  in  d e m in e r a l i z e d  
w a t e r  l o s t  some w e i g h t  d u r i n g  th e  c o u rs e  o f  t h e  e x p e r im e n t .  
N e v e r t h e l e s s ,  b o th  g ro up s  r e g u l a t e d  th e  vo lume o f  t h e i r  hemolymph.
Rock Creek a n im a ls  a l s o  m a in t a i n e d  i o n i c  b a la n ce  b u t  th e  d a ta  suggest  
t h a t  a n im a ls  m a in t a i n e d  in  d e m in e r a l i z e d  w a t e r  l o s t  ions  in  o r d e r  t o  
rem a in  in  w a t e r  b a la n c e .
7. The s tu d y  shows t h a t  P te r o n a rc y s  i s  p h y s i o l o g i c a l l y
a d a p te d  f o r  a f r e s h w a t e r  h a b i t a t .  F u r th e rm o r e ,  i t  can remain in  s a l t
and w a t e r  b a la n ce  f o r  lon g  p e r i o d s  o f  f a s t i n g  and does n o t  n e c e s s a r i l y  
need fo o d  as a s o u rce  o f  io n s .
8. The h y p o t h e s i s  t h a t  o v e r  an ex tended  p e r io d  o f  t im e  
(28 days )  nymphs m a in t a i n e d  in  Rock Creek w a t e r  can remain in  s a l t  
and w a t e r  b a la n c e  whereas nymphs m a in t a i n e d  in  d e m in e r a l i z e d  w a te r  can 
n o t  i s  o n l y  p a r t i a l l y  t r u e .  A n im a ls  m a in t a i n e d  in  Rock Creek w a te r
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remained in  s a l t  and w a t e r  b a la n c e ,  bu t  a n im a ls  m a in ta in e d  in 
d e m in e r a l i z e d  w a t e r  remained in  w a t e r  b a la n ce  o n l y .
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Death in animals  b e g in n in g  May 2, 1970 which  were in  e i t h e r  Rock Creek o r  d e m in e ra l i z e d  wate r  
from A p r i l  k , 1970. The w a te r  was changed d a i l y .
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Deminera l ized  Water T reatment 
(15 fema les)
May Deaths Emergence
Rock Creek Water Treatment 
(11 females - one male)
May Deaths Emergence
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1 ( female)
2 ( female) 
1 ( female)
2 ( female)
1 (male)
1 ( female)
2 ( female)
2 ( female)
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